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A  BSTHACT 


The  inventory  model  used  by  the  0.  S.  Navy  for  aviation 
repairable  items  was  analyzed  and  found  to  be  deficient  in 
two  major  areas.  The  method  in  which  input  data  is  used  is 
found  tc  be  overly  conservative.  The  underlying  theoretical 
model  was  identified  as  an  n/n/oo  queueing  aodel.  The 
assumption  cf  unlimited  repair  capacity  in  this  model  is  not 
valid  for  application  to  Navy  maintenance  activities. 

An  alternate  inventory  modal  is  developed  which  substan¬ 
tially  improves  on  these  deficiencies.  The  proposed  model 
theorizes  twc  parallel  repair  processes  differentiated  by 
the  existence  or  absence  of  awaiting  parts  time.  Each  cf  the 
repair  processes  is  modelled  with  an  Vfi/1  queueing  model. 

Simulation  with  data  obtained  from  the  OSS  RANGES  1983 
deplcyvent  supports  the  contention  that  the  proposed  model 
does  a  superior  job  cf  estimating  inventory  requirements. 
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I.  THE  P50BLEH 

A.  SOEPOSTISG  NAFAL  AFIATION  AT  THE  RETAIL  LEFEL 

•  1  •  Repairable  Items  are  the  Key  to  Success 

Twenty  four  hours  a  day,  in  most  corners  cf  the 
wcrld,  aircraft  of  the  United  States  Navy  are  being  launched 
and  recovered  as  they  unde,  cake  their  missions  in  support  of 
rational  objectives.  The  effective  accomplishment  of  each 
mission  is  dependent  upon  having  sufficient  numbers  of 
aircraft  ready  to  fly  and  to  perform  at  their  fullest  capa¬ 
bility.  Tc  support  this  goal,  the  Navy  has  built  an 
extensive  system  of  maintenance  facilities  and  supply 
points.  Tfceir  crLy  purpose  is  to  ensure  than  the  readiness 
cf  the  Naval  Air  Porce  is  kept  high. 

The  key  concept  in  minimizing  the  downtime  of 
degtadei  aircraft  is  the  philosophy  cf  "remove  and  replace". 
This  program  is  designed  to  maximize  the  availability  of 
aircraft  by  quickly  identifying  any  malfunctioning  unit, 
removing  if,  and  rapidly  installing  another  unit  tha*  has 
been  positioned  at  the  support  base  for  that  purpose.  The 
aalf urccicnirg  unit  nay  then  be  disposed  of  or  repaired,  as 
appropriate . 

As  technology  has  advanced,  the  level  cf  complexity 
(and  the  associated  cost)  of  the  avionics  and  weapon  systems 
has  been  increased.  This  has  led  system  planners  and 
designers  tc  the  decision  tc  repair  as  much  of  each  uni*  as 
can  possibly  be  done,  and  to  supper-  this  repair  at  the 
maintenance  organization  closest  to  the  operating  site. 

The  repair  cf  the  repairable  malfunctioning  units 
(henceforth  called  "NRFI  repairables",  meaning  "net  ready 
for  issue"  repairable  units)  becomes  a  critical  task. 


Identifying  the  fault,  fixing  or  replacing  subunits,  and 
certifying  the  item  SFI  (ready  for  issue)  before  it  is 
needed  tc  replace  an  item  on  another  aircraft  becomes  a 
challenging  logistics  task.  If  the  repair  takes  too  Iona,  or 
if  parts  needed  to  repair  it  are  not  available,  the  next 
failure  cn  an  aircraft  may  cause  the  entire  aircraft  to  be 
left  in  a  degraded  node,  and  the  capability  tc  perform  a 
xissicn  may  be  denied.  Providing  an  adequate  support  system 
for  repairing  the  NEFI  repairables,  ana  for  maintaining 
sufficient  SFI  inventories  tc  meet  expected  demands,  is  the 
key  tc  mission  readiness. 

2.  Cycles,  and  Forecast ing 

The  systen  today  has  seme  significant  problem  areas 
that  periodically  cause  concern  at  various  levels  of  manage¬ 
ment.  Each  ship  and  air  station  supporting  Naval  Aviation 
has  experienced  situations  in  which  the  available  support 
has  seemed  inadequate.  These  periods  may  be  characterized  by 
the  occurrence  cf  xany  inventory  shortages  and  backed-up 
repair  lines.  Fleet  exercises,  sudden  unanticipated  commit¬ 
ments,  or  new  surveillance  targets  have  all  caused  increased 
demand  that  seems  tc  strain  the  system  to  the  limit.  As  the 
duration  cf  this  heavy  demand  period  lengthens,  acre 
ext raerdinary  measures  are  undertaken:  cannibalization  cf 
downed  aircraft  and  cf  NHFI  items  becomes  necessary,  and 
extra  quantities  of  critical  items  are  demanded  from  ether 
support  activities.  It  becomes  extremely  distressing  tc 
those  in  command  when  this  situation  exists,  especially  when 
they  realize  that  the  new  mission,  exercise,  or  task  at  hand 
may  be  a  close  realization  to  :h?  level  of  commitment 
required  by  the  operating  forces  if  they  had  to  mobilize  for 
a  war. 
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The  inventory  level  a nd  repair  capability  is 
supposedly  designed  to  support  full  mobilization  operations. 
The  shortcomings  displayed  when  actually  required  to 
approach  that  operational  tempo  are  cause  for  serious 
concern.  The  inability  to  anticipate  demand,  and  to 
adequately  provide  a  system  to  meet  this  demand,  exists  tc 
some  extent  in  any  military  logistics  system.  Failures  are 
random,  and  the  ability  to  forecast  accurately  is  the 
subject  cf  considerable  research.  However,  the  surge 
problem  is  not  one  of  predicting  failures  for  any  given 
item,  but  rather  of  anticipating  increased  demand  across  the 
entire  inventory,  and  thereby  providing  enough  maintenance 
capacity  (with  associated  sub-units  and  piece  parts)  or  ar. 
expanded  inventory  sc  that  the  aircraft  can  be  kept  flying 
and  the  missions  fulfilled  for  the  duration  cf  the  heavy 
demand  period. 

E.  HCH  80CH  INTEHTOBI? 

1  •  Fep  air  a  ble  Inven  tor  y  System  Objectives 

as  the  current  system  has  evolved,  management  cf  the 
repair  facilities  and  the  supporting  supply  points  has 
become  increasingly  mere  complex.  Costs  of  inventories,  test 
facilities,  technical  documentation,  and  the  training  and 
retention  of  maintenance  personnel  have  all  been  growing 
with  the  costs  of  the  systems  to  be  supported.  Bach  cf  these 
areas  has  tc  compete  with  each  ether  and  with  other  programs 
for  funding  in  a  scarce  resource  environment.  it  is  abso¬ 
lutely  vital  then  that  planners  and  analysts  be  able  tc  make 
tradeoff  decisions  between  the  various  logistic  elements 
requiring  funds  and  to  build  the  overall  system  tc  provide 
the  needed  support  at  the  lowest  cost. 


OCTVX'VM 


Analysis  techniques  far  evaluating  level  of  repair 
[Ref.  1],  and  logistics  support  [Ref.  2],  have  beer,  estab¬ 
lished  by  the  Departient  of  Defense.  In  such  a  planned 
system  estimates  must  be  made  of  inventory  requirements  and 
maintenance  capabilities  long  before  the  first  system  is 
operational  in  the  fleet.  Significant  problems  car.  arise, 
however,  if  the  planning  assumptions  for  funding  or  manpower 
are  incorrect,  cr  if  the  operators  of  the  system  are  igno¬ 
rant  cf  the  planning  and  do  things  their  cwn  way.  3ci-h  of 
these  situations  affect  the  current  method  for  maintaining 
the  repairables  inventories  so  vital  to  mission  success. 

The  current  procedures  used  for  establishing  the 
allowances  cf  repairable  items  to  be  stocked  at  a  giver 
support  site  do  not  consider  the  capacity  or  configuration 
cf  the  maintenance  activity,  the  levels  of  sub-components 
and  piece  parts  being  stocked,  or  any  cost-tradeoff  plan  for 
determining  what  is  the  best  mix  for  adequate  support. 
Despite  these  shortcomings ,  the  existing  system  has  been 
xade  tc  work  through  the  dedicated  efforts  of  many  supply 
and  maintenance  personnel,  both  military  and  civilian.. 
These  personnel  have  had  to  cope  with  periodic  severe 
material  shortages,  extraordinary  expediting,  and  numerous 
stopgap  measures  in  order  to  provide  support.  It  is  manda¬ 
tory  that  those  whc  design  the  system  recognize  the 
shortcomings  and  work  towards  improvement.  Just  such  an 
effort  has  teen  underway  for  the  last  five  years. 

2  •  R 13  STOP 

In  1974,  the  then  Deputy  Secretary  of  Defense,  W.  ?. 
Clements,  directed  that  a  study  be  undertaken  to  examine  the 
stockage  policies  that  had  evolved  within  the  various 
services  and  the  Defense  Supply  Agency.  That  study  was 
issued  in  1S76  and  became  known  as  SISSTOF,  an  acronym  for 
the  DCE  Retail  Inventory  Management  and  Stockage  Policy.  Its 
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purpose  was  to  examine  tne  way  to  at  retail  level  support  was 
actually  being  provided  by  the  military  services,  and  to 
attempt  to  sat  some  overall  guidelines  that  should  be 
followed  for  these  inventories.  Out  of  RIMSTCF  cams 
specific  policy  guidanca  in  the  form  of  DOD  Directive 
4140.44,  and  DOD  Instructions  4140.45  (for  consumable  items) 
and  4140.46  (repairable  items).  some  of  the  recommendations 
for  repairable  inventories,  as  listed  in  DODI  4140.46 
[Ref.  3],  were: 


Levels  of  reparable  items  shall  be  determined  as  a  func¬ 
tion  cf  maintenance  replacements  and  shall  be  tailored 
to  individual  item  characteristics  related  to  conditions 
existing  at  the  individual  intermediate  level  supply 
point. ... 


The  following  levels  will  be  comDuted  for  each  repa¬ 
yable  item  to  be  stocked  at  the  intermediate  level  or.  a 
demand-supported  basis: 

(1)  Repair  Cycle  Level  (RCL) 

(2)  Crder  and  Shipping  Time  Level  (OSTL) 

(3)  Safety .  Level  (SL).  The  SI.  is  a  function  of  th?  prcb 
abilities  that  the  repair  cycle  time  will  b 
exceeded,  the  order  and  shipping  time  will  b 
exceeded,  the  maintenance  replacement  rate  will  b 
higher  than  forecasted,  and  a  number  of  raair.ter.anc 
replacements,  anticipated  for  repair  at  th 
activity,  will  require  resupply  rrcm  externa 
sources.  The  SL  considers  the  degree  cf  risk  o 
stockout  and  is  computed  as 

SI  =  txs(RLD), 

where:  t  -  safety  level  parameter 

s(RLC)  =  Standard  deviation  of  maintenance 
replacement  during  tr.e  lead time 
which  is  the  weighted  average  of 
RCT  (repair  cycle  time)  and  OSI 
(order  and  shipping  time) . 


during  leadtime. 

(4)  Operation  Level  (OL) 

(5)  Replenishment 


i  <i<  <t>  a  a'  u'rH'M 


The  Navy  has  used  this  guidance  as  a  springboard  for 
examining  current  inventory  support  procedures  and  has  been 
successful  in  obtaining  funding  through  the  Program 
Objectives  Memorandum  (POH)  process  for  initiatives  based 
upon  this  review.  The  basic  approach,  howevar,  has  been  to 
put  additional  band-aids  on  the  current  system  in  attempts 
to  make  it  work  better,  rather  than  starting  ever  from 
scratch  tc  try  tc  develop  a  system  that  will  do  a  better  job 
cf  estimating  the  system  needs.  ihs  purpose  of  this  thesis 
was  tc  take  the  latter  apfroach,  searching  for  a  better 
method  to  dc  the  job. 

A  number  of  areas  cf  investigation  are  explored  in 
this  thesis.  The  current  model  for  computing  ir.ver.tcr7 
levels  assumes  that  there  will  not  be  any  capacity 
constraint.  An  alternate  modal  is  proposed  to  attempt  to 
explicitly  deal  with  capacity  constraints.  The  current 
system  uses  only  a  small  number  of  data  elements  available 
in  the  aviation  3-M  data  collection  system,  and  what  it  is 
allowed  to  use  is  censored  rather  severely.  The  effects  of 
censoring  such  data  is  examined,  and  the  use  of  ether 
available  data  elements  is  explored. 

The  following  sequence  will  be  used  in  presenting 
the  analysis  in  the  rest  of  the  thesis.  Chapter  II 
discusses  the  present  system  and  the  underlying  model  at 
some  depth  and  analyzes  the  theoretical  assumptions  cf  the 
model.  Chapter  III  proposes  an  alternate  model.  chapter  IV 
compares  the  existing  and  proposed  models,  and  includes  seme 
examples  cf  how  they  fcahave.  Chapter  V  presents  a  simula¬ 
tion  using  real  data  obtained  from  the  OSS  RANGER  (CV-61). 
Chapter  VI  provides  a  summary  of  results,  conclusions,  and 
recoaiendaticns  for  continued  research. 


II.  IIS  COSBSHT  MODEL 


A.  AILOSAICB  DETERMINATION 

Allowances  cf  material  to  be  stocked  at  any  giver,  avia¬ 
tion  .support  point  are  largely  determined  through  a  process 
called  A VCAL  (Aviaticn  Consolidated  Allowance  List) ,  which 
is  managed  by  the  Navy  Aviation  Supply  Office  (ASC), 
Philadelphia,  Pennsylvania.  The  process  of  generating  a 
complete  AVCAL  is  quite  complex,  but  the  basic  underlying 
model  used  fcr  repairable  items  is  fairly  straightforward. 

1  •  Fcrscastigg  Osage 

First,  all  available  maintenance  and  supply  da*a  on 
repairafcde  usage  for  the  previous  support  period  are  gath¬ 
ered.  This  data  may  come  from  a  variety  of  sources.  In  the 
case  cf  an  aircraft  carrier,  for  example,  analysis  will 
include  gathering  and  comparing  data  from  the  Aviation  3-M 
data  base  (maintained  by  the  Navy  Maintenance  Support  Office 
(NAM3C)  ,  Mechanicsburg,  Pennsylvania)  ,  supply  usage  data 
provided  by  the  ship,  and  usage  rates  that  have  been  devel¬ 
oped  fcr  specific  items  as  the  result  of  various  logistic 
conferences.  Once  this  data  has  been  accumulated  and  vali¬ 
dated,  it  is  converted  into  aggregate  usage  rates  by 
dividing  total  demand  by  the  total  number  of  flying  hours 
that  generated  the  demand.  These  rates  are  then  used  to 
forecast  demand  for  the  next  support  period  by  multiplying 
them  by  the  total  number  of  flying  hours  that  WSPD's  (Weapon 
System  Planning  Documents)  call  for.  Separate  forecasts  are 
generated  by  this  process  for  the  expected  number  cf 
successful  repairs  (Equation  2.1)  and  for  actions  where 
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repair  has  bean  declared  beyond  the  capability  of  the  local 
xainterance  activity  (BCM)  (Equation  2.  2) .  1 

let 

NR  »  actual  nuaber  of  successfully  repaired  units, 
from  the  reporting  period  data  base; 

NB  *  actual  nuaber  of  units  declared  BCM,  from  the 
reporting  period  data  base; 

FH  *  fl|  in^f  _  hours  accomplished  during  the  reporting 

FH*  »  flying  hour?  forecast  for  a  future 
support  period; 

NR*  »  repair  forecast,  in  number  of  units;  and 

N3 *  =  ecm  forecast,  in  number  of  units. 

Then 


and 


NR'  -  NR  -  ~  , 

N8'  -  NB  ■  . 


(2.1) 


(2.2) 


‘Variable  notation  will  use  the  following  format:  "N  " 
will  indicate  a  count  of  some  action;  for  example,  "NR”  Is 
the  ccunt  cf  the  nuaber  of  repairs  during  an  interval.  "F  " 
is  the  exoected  nuaber  in  a  process  (also  called  tie 
expected  pipeline  quantity)  ;  "PR"  is  the  expected  nuaber  of 
units  in  the  repair  pipeline.  "Q  "  indicates  an  allowance 
guantity  that  provides  an  appropriate  degree  cf  safety  level 
protection  to  a  process:  "OR"  is  the  protected  quantity 
computed  by  an  inventory  model  to  support  a  specified  repair 
pipeline  quantity  at  a  given  safety  level.  "N  "  and  "P  " 
variables 'super-scripted  with  a  prime  (*)  indicate  that  tie 
variable  represents  a  forecast,  rather  than  an  observation. 


18 


2.  RJiai£  IlIS 


In  the  case  of  repairs,  additional  data  is  gathered 
on  the  average  length  of  time  that  an  item  is  in  the  repair 
cycle.  This  is  alsc  done  through  the  use  of  the  3-M  data 
base,  with  data  elements  collected  as  shewn  in  Figure  2.1  . 
Data  for  each  of  these  is  taken  from  the  Aviation  3-M  Visual 
Information  Display  System/Maintenance  Action  Fora 
(VTDS/MAF) ,  the  basic  source  document  fer  most  aviation 
■ainterance  data  reporting.  All  of  the  time  data  for  meas¬ 
uring  the  repair  cycle  turnaround  time  (TAT)  is  collected  as 
an  integer  number  of  days,  simply  by  noting  the  difference 
in  juliar.  dates  between  key  events  in  the  repair  process. 
Total  TAT  for  each  repair  action  is  simply  the  sum  of  the 
four  element  times.  Each  of  the  four  TAT  element  limits  is 
applied  tc  each  repair  action  in  the  data  base;  the  limit 
for  total  TAT  is  applied  against  the  average  TAT  fer  all 
actions  of  a  given  item. 2 

At  this  point,  a  few  observations  about  this  process 
are  appropriate.  In  order  to  develop  an  effective  inventory 
system,  it  would  seem  necessary  to  measure  the  period  of 
time  between  the  removal  of  an  RFI  itea  from  inventory,  and 
the  receipt  of  a  replacement.  3y  using  the  times  from  the 
repair  cycle,  two  important  assumptions  are  being  trade. 
First,  it  is  assumed  that  the  removal  of  the  NR  FI  uni*  from 
an  aircraft  occurs  cn  the  same  date  that  the  RFI  unit  is 
issued.  Ihis  jay  be  generally  true  when  the  supported 
customer  and  the  supporting  supply  department  are  located 
near  each  ether,  and  when  they  adhere  to  the  stated  philos¬ 
ophy  of  "cne-for-one"  exchange.  There  are,  however,  many 


*Ezccaduxal  guidance  provided  to  the  operative  forces 
refers  tc  the  TAT  limits  as  "constraints".  The  limits  are 
net  constraints  in  the  technical  sense.  They  are  truncation 
values  that  are  applied  so  that  any  TAT  element  observation 
greater  than  the  specified  limit  is  reduced  to  that  limit 
before  being  used  for  allowance  computation. 


A.  Key  events  in  the  repair  process  are  as  follow: 

El  :  Date  of  removal  of  the  NRFI  unit  from  the 
aircraft. 

E2  :  Date  of  receipt  cf  the  NRFI  unit  a*  the 
IMA  (intermediate  maintenance  ac  tivity)  . 

D3  :  Mork  start  date  at  the  IMA  work  center. 


DAI:  Date  work  stops  because  unit  must  await 
the  arrival  or  material  before  completion 
of  the  repair.  Unit  is  declared  to  be  in 
"awaiting  parts"  (AMP)  status. 

DA2:  Date  unit  clears  AMP  (material  received). 

D4  :  Repair  completion  date. 


B.  The  repair  turnaround  time  elements  are  defined 
by  the  above  dates  in  the  following  manner: 


TAT  element  Fr 

om  date 

To  dat 

IP  : 

In-prccess  time 

D1 

D2 

SKD: 

Scheduling  time 

D2 

D3 

RFB: 

Repair  time 

D3 

D4 

less  AWE  time 

DAI 

DA2 

AMP: 

Awaiting  parts  time 

DAI 

DA2 

NOTE:  Although  AMP  time  is  shown  above  as 
being  defined  by  dates  DAI  and  DA  2 , 
in  reality  a  unit  may  go  AMP  a  number 
of  times;  in  that  event,  total  AM? 
time  for  a  unit  is  computed  by  summing 
the  times  reported  for'saca  occurrence 
of  AMP  status. 


Data  collected  through  the  aviation  3-M  svstem 
is  United  to  a  maximum  value  as  follows:' 


TAT  element 


Limit  (days) 


I?  :  In-prccess  time  1 
SKD:  Scheduling  time  3 
PER:  Fepair  time  8 
AMP:  Awaiting  Parts  time  20 


TAT:  Total  time 


20  (unit  average) 


Figure  2.1  Repair  Turnaround  Time  Ele setts 


instances  where  this  assumption  is  net  valid.  Supply 
departments  are  frequently  called  upon  for  off-station 
support  ir.  which  they  may  be  required  to  send  material  to 
activities  hundreds  or  thousands  of  miles  away.  Ir.  these 
cases,  the  removal  date  and  the  issue  date  may  be  very 
different,  depending  cn  the  situation.  Additionally,  there 
are  classes  of  items  for  which  the  "one-for-one"  exchange 
principle  is  waived  because  of  the  nature  of  the  repair  to 
be  undertaken.  For  example,  remain- in-place  (RIP)  items  are 
specifically  exempted. 

The  second  implicit  assumption  is  that  a  unit  will 
be  available  from  inventory  as  soon  as  it  is  made  RFI. 
Again,  this  may  be  valid  for  many  items,  but  the  administra¬ 
tive  process  of  identifying  the  item  to  a  national  stock 
number,  updating  records,  and  storing  the  unit  is  r.ct  auto¬ 
matic.  Unfortunately,  the  data  base  does  net  include  these 
supply  times,  and  the  exact  extent  of  the  effect  is  unknown. 
However,  it  is  fair  to  assume  that  the  period  measured  by 
the  repair  cycle  is  a  conservative  estimate  for  actual 
eff -the-shelf  time  experienced  by  the  supply  activity. 

Existing  policy  provides  that  turnaround  time 
elements  for  every  repair  action  and  for  every  repairable 
item  be  compared  to  limits,  or  maximum  allowable  values, 
before  being  considered  in  the  allowance  determination 
process.  The  use  of  these  limits  presents  a  different 
problem  in  the  development  of  an  effective  inventory. 

The  limits  currently  in  use  were  shown  in  Figure  2.  1 
and  were  developed  at  ASO  in  a  study  conducted  in  1 S77 
[Bef.  *].  In  that  study,  TAT  data  for  a  small  group  of 
items  were  collected.  The  TAT  elements  were  assumed  inde¬ 
pendent,  sc  each  element  was  analyzed  separately.  An  input 
data  censer,  or  limit,  was  determined  at  approximately  the 
ninetieth  percentile  of  the  cumulative  distribution  function 
for  the  data  element  times.  The  times  given  in  Figure  2.1 
were  the  results. 

21 


The  reason  for  the  use  of  limits  is  not  provided  in 
available  instructions  or  other  documentation.  However, 
there  have  been  two  informal  reasons  provided  in  discussions 
with  senior  personnel.  First,  that  it  is  necessary  to 
protect  against  erroneous  valuas  entering  the  data  fcase  and 
significantly  increasing  average  the  TAT.  This  is  a  legiti¬ 
mate  concern  with  the  3-S  system.  The  other  reason  is  tc 
"not  reward  the  tad  actors".  Lack  of  proper  management  of 
aviation  repairables  could  conceivably  cause  lengthened 
TAT's,  and  consequently  larger  allowances.  Tc  what  extent 
the  current  limits  prevent  this  is  unknown. 

In  either  case,  however,  it  is  reasonable  to  ques¬ 
tion  the  validity  of  the  current  limits  as  applied  tc  all 
items.  Cne  problem  is  that  intermediate  maintenance  activi¬ 
ties  (lUAs)  routinely  repair  items  as  diverse  as  engines, 
avionics,  ret or  blades,  airframes,  and  instruments.  By 
taking  only  a  small  sample  of  items,  and  by  lumping  the  data 
together,  it  is  possible  that  there  are  classes  cf  items  or 
certain  types  of  repair  processes  that  are  more  restricted 
by  the  limits  than  are  others. 

Even  if  we  accept  the  premise  that  all  items  have 
the  same  universal  mean  TAT,  there  is  another  way  in  which 
these  limits  inhibit  proper  support.  If  the  underlying 
distribution  of  each  TAT  element  is  exponential,  acceptance 
of  only  the  bottem  ninety  percent  of  the  data  has  the  effect 
of  reducing  the  mean  tc  90%  of  its  original  value.  This 


accepted  (e.g. ,  0.90).  Then  solve  for  the  value  T 
provide  that  level  using: 


Solving  for  T  gives: 


~f  -  -  —  Jin  (t-s) 

Next,  find  the  mean  of  the  distribution  that  is  censored  at 
point  T  as  fellows: 

r 

ju.  -  j  ^  +  0-s;r  y 

o 

which  selves  as: 

JJL*  j  l  i-()4\T)<*r'r  J  +0-s)r  . 

Substituting: 

-\r 

e  l-  s, 

I*  \T  =  »  -  J2n<*-S)t  <x*M 

0-S)T  * 

yields: 

/*-'  x  C1  '  <'-*)(  i-je-<‘-sj)J  -  (I-S)&*0'S)J 

/S; 

and  the  preportion  of  the  original  mean  (1/\)  represented  by 


Setting  the  TAT  limits  at  the  90th  percentile  has 
the  effect  cf  only  accepting  data  within  1.3  standard  devia¬ 
tions  cf  the  trua  mean  of  the  underlying  distribution.  (The 
90th  percentile  cf  an  exponential  distribution  occurs  at  a 
value  approximately  2.3  times  the  mean,  or  1.3  standard 
deviations  greater  than  the  mean,  since  the  mean  and 
standard  deviation  are  the  same.) 

The  RIMSTOP  repairable  instruction,  [Ref.  3],  speci¬ 
fied  that  the  repair  cycle  time  could  be  protected  at  a 
level  nc  greater  that  th ree  standard  deviations,  which  would 


te  3  little  higher  than  the  98th  percentile.  It  is  impos¬ 
sible  to  do  this  if  the  TAT  observations  for  the  underlying 
process  are  limited  using  the  current  values.  Again,  the 
current  system  of  developing  allowances  uses  a  deliberately 
conservative  approach. 

3.  Current  Ean<q€  3u  l<ss 

Various  range  rules  are  in  use  to  determine  if  any 
allowance  for  an  iter  is  justified.  Table  I  provides  these 


TABL2  I 

Existing  Allowance  Model  Range  Rules 

A .  Local  Repair  Cycle  Requirement  (LRCR) 

To  qualify  for  an  LRCR  allowance,  an  item  jus* 
nave  a  forecast  ror  the  expected  number  of  units 
in  the  repair  cycle  of  at  least  0.111.  This 
translates  to  a  minimum  of  two  repairs  ner  ve=; 
taking  the  maximum  or  twenty  days  averaqe'TATi  or 
any  ether  combination  of  reoairs  x  average  TAT 
equal  to  or  greater  than  40  davs/year 
(j.33  days/aorth)  . 


8.  Attrition  allowance 

To  qualify  for  an  attrition  allowance,  an  item 
must  satisfy  one  of  the  following: 


quantity 
her  ized 

Uni 

t  price 

Minimum  forecast 
BCH  rate 

Yes 

All 

1  per  3  months 
(.  333/mcr.th) 

NO 

> 

$5000 

1  per  6  months 
( .  167/mcr.t  h) 

No 

< 

$5000 

1  per  9  months 

rules,  which  are  published  by  ASO  [Ref.  5]. 
more  astute  operators  in  the  field  have  po: 


Seme  cf  th- 
need  out  t ha* 


these  rang?  rules  are  no*,  always  sens  ist  cr.c  with  good 
supper*.  I*  has  beer,  noted  that  i*.  is  no  a  cue  toner's 
advantage  to  ensure  that  a  moderate  demand  repairable  with 
lew  T  A I  has  at  least  two  BCM*s  during  a  year  in  order  to 
assure  that  an  allowance  o f  at  least  one  is  maintained  at 
the  station.  Alternately,  it  might  be  to  their  advantage  to 
lengthen  the  TAT  in  some  way,  again  to  ensure  that  an  allow¬ 
ance  cf  cne  is  justified.  A  zero  allowance  forces  every 
failure  to  become  a  situation  degrading  an  aircTaft; 
increased  support  is  provided  if  an  item  satisfies  -.he  range 
rule . 

E.  HCDEIS  USING  THE  POISSON  DISTRIBUTION 
1 .  The  Current  Kcda 1 

The  following  procedure  is  used  for  deter  inning  -he 
final  allowance  quantity,  given  validated  input  data. 

a)  A  forecast  for  the  expected  number  cf  units  in  the 
repair  cycle  at  any  given  time  is  computed  using  the 
forecast  from  Eguaticn  2.1  as  fellows: 

let 

i'  =  length  of  forecast  period; 

NS*  =  total  forecast  repairs  over  (0,t')  ; 

TAT  =  average  experience!  turnaround  time 
(after  limits  applied)  ;  and 

PR*  =  forecast  number  of  units  in  the 
repair  pipeline. 

Then: 

PK  --  nr’  ~ 

i  (2.3) 

b)  This  quantity  is  used  as  the  parameter  in  a  Pcissor. 
distribution  to  find  the  number  of  units  (QR)  that  need 
be  stocked  so  that  the  CDF  of  the  distribution  at  QS  is 
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closest  to  the  policy  safety  level  (currently  set  as 
C  .90) . 

1)  Find  the  ssailest  Qu  that  satisfies: 


-(PR') 

O.9o  <  c 


(2.4) 


2)  Let  Q1  *  Qu  -  1 

3)  Compute  the  protection  level  afforded  by  Ql  and 
Qu. 

4)  if  the  protection  level  at  Ql  is  closer  to  0.9 c, 
tr.an  that  at  Qu,  let  QU  =  QL;  otherwise,  QR  =  Qu. 

c)  A  quantity  of  one  is  then  added  to  QR  for  operating 
level  (OL)  ,  and  this  becomes  the  LRCR : 

LRCR  =  QR  ►  1. 

d)  Separately,  a  Quantity  cf  oaterial  to  support  expected 
attritions  from  the  repair  cycle  (BCM's)  is  computed. 
This  quantity  is  determined  using  the  3 CM  fcrecas*  for 
*  he  endurance  period  (t1)  from  Equation  2.2  (Bounding 
for  all  allowances  is  at  the  0.5  level,  except  for  the 
first  unit  added  in  accordance  with  the  range  rules.) 

Attrition  gua.atity  --  NB'. 

e)  The  attrition  quantity  is  added  to  the  LRCR  quantity  to 
provide  the  final  allowance: 

Allowance  =  LRCR  «■  NB'. 

2.  The  SIM  AIR  Pipeline  Modal 

As  previously  indicated,  RIMSTOP  provided  an  impetus 
for  examining  the  existing  repairable  model,  and  a  number  of 
defi ciencies  were  found.  It  was  recognized  that  the  quan¬ 
tity  provided  as  an  attrition  allowance,  which  was 
theoretically  provided  to  support  wartime  mobilization 
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operations  with  resupply  delayed  or  cut  off,  was  ir.  :ac- 
supporting  the  number  of  items  in  the  wholesale  resupply 
pipeline  during  normal  operations.  Additionally,  the  attri¬ 
tion  allowance  was  being  computed  deterministically. 
Consequently,  efforts  were  made  starting  in  1976  -c  cttair. 
funding  through  the  FOM  process;  first,  to  support  the 
number  of  items  actually  in  the  wholesale  resupply  pipeline 
so  that  the  endurance  level  would  not  be  drawn  down,  an! 
secondly  tc  provide  protection  to  this  wholesale  pipeline  tc 
account  for  the  stochastic  nature  both  of  the  failures  which 
cause  the  BCM's,  and  of  the  resupply  time  itself.  These 
efforts  to  obtain  funding  coincided  with  the  development  of 
a  model  rc  he  used  in  computing  allowances  under  the  RlhSlO? 
guidelines.  This  model  is  called  the  RIMAIR  pipeline  mclel. 

The  BIMAIR  pipeline  model  attempts  to  alleviate  seme 
cf  the  shortcomings  recognized  in  the  previous  model.  I* 
includes  the  addition  of  stock  tc  the  attrition  portion  of 
the  allowance  tc  support  the  expected  order  and  shipping 
time  experienced  during  peacetime,  and  the  addition  of  » 
wholesale  resupply  pipeline  tc  the  repair  cycle  pipeline  fc 
the  purpose  of  providing  Poisson  protection  rc  the  er*ir 
pipeline.  Investigations  into  the  use  of  variable  rang-5  and 
depth  techniques  for  providing  better  overall  perfcriance 
for  the  dollars  invested  in  inventory  are  also  teinc 
pursued.  As  of  March  1983,  however,  none  of  the  RIMAIR  addi¬ 
tives  have  actually  been  added  to  any  activity's  AVCAL ,  and 
only  the  attrition  portion  additives  have  been  approved  ar.d 
funded.  Significantly,  however,  tne  basic  model,  with  the 
established  limits  on  TAT  observations  and  the  use  cf  the 
Pcisscr  distribution  for  the  computation  cf  the  safety 
level,  has  act  been  changed. 

The  computations  involved  with  tne  RIM  AIR  pipeline 
model  are  more  complicated  than  with  the  current  model 


because  cf  the  way  that  the  wartime  mobilization  requirement 


is  cctputed.  Shortly  after  the  3IMST0P  instructions  were 
published,  DoD  provided  additional  guidance  on  the  ccrccuta- 
tion  cf  that  mobilization  requirement  in  the  form  of  DCCISST 
4140. 47,  [Bef.  6],  The  actual  pipeline  model  developed  at 
NAVSOF  took  this  into  account,  and  consequently  became 
considerably  mors  difficult  to  deal  with.  For  the  purpose  of 
this  thesis,  however,  it  is  the  underlying  repair  process 
model  that  is  being  examined,  and  the  complications  cf  the 
mobilization  additive  will  be  ignored.  a  greatly  simplified 
pipeline  model  results,  which  can  be  explained  as  fcllcvs. 
a)  Compute  the  expected  repair  pipeline  quantify  (PR')  as 
in  Equation  2.3  above: 

TAT 

PR*  =  MB'  X  - . 

-  • 

o)  Compute  the  forecast  wholesale  resupply  pipeline  (PE1) 
as  fellows: 


WT AT  *  expected  wholesale  resupply  time; 
then 


PB*  =  N3 '  x 


WTAT 


c)  refine  the  total  forecast  pipeline  quantity  (P1)  as  the 
sum  of  these, 

p«  =  ?a»  <■  pb'  . 

d)  Compute  the  protected  pipeline  quantity  by  using  F'  in 
Equation  2.4  above.  Find  the  quantity  QP  that  provides 
protection  closest  to  0.90. 

e)  The  final  allowance  ( QT)  is  the  quantity  QP  plus  one 

for  operating  level  (OL),  plus  any  additives  tha^  may 
he  allowed  for  wartime  mobilization  (QM)  : 

QT  8  QP  ♦  OL  +  QM. 
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This  model  has  explicitly  allowed  for  the  wholesale 
resupply  cycle,  and  provides  protection  to  the  entire  pipe¬ 
line,  not  just  to  the  repair  pipeline.  Funding  to  support 
the  allowances  that  it  provides  should  greatly  enhance  fleet 
support. 

3.  Exa ctple  Allowances 

a.  The  Current  aodel 


The  following  example  is  provided  to  illustrated 
how  the  current  system  works,  followed  by  the  changes  made 
as  a  result  of  using  the  RIMAIR  pipeline  methodology. 

1)  Input  data  is  collected,  and  the  following  data  is 
provided  for  a  three  mcnth  period  {parentheses  indicate 
the  value  used  after  the  TAT  limits  are  applied): 

TAT  element  data,  in  days 

AMP 


2) 


bcms: 

3CM  1 
ECK  2 
ECU  3 


IP 

0 

0 

1 


SK  0 

1 

0 

1 


RPR 

1 

1 

7 


10 


TAT 

2 

1 

19 


Repairs: 
Repair  1 
Repair  2 
Repair  3 
Repair  4 
Recair  5 
Repair  6 
Repair  7 
Repair  8 
Repair  9 
Repair  10 


0 

1 

0 

0 

1 

S'" 

1 

0 


0 

0 

2 

0 

1 

2 

0 

5  (3) 
3 


1 

7 

3 

0 

1 

9,8, 

0 

2 


31  (20) 

24 (20) 
3 


1 

39 (28) 
0 

8 


Averages : 
Raw 

Limited 
Motes:  a) 


0.  S 
0.5 


1 . 4 
1.2 


2.4 

2.3 


5.  8 
4.  3 


10.4 

8.3 


b) 

c) 


Table  entries  are  the  number  cf  days  re¬ 
ported  for  the  corresponding  TAT  element 
and  specified  action. 

Averages  are  based  upon  repairs  only. 

Dash  marks  for  AMP  column  mean  AMP  status 
did  not  occur,  as  opposed  to  an  item  going 
into  and  out  of  AMP  status  the  same  day. 

In  addition,  the  following  data  is  provided: 

a)  wholesale  system  resupply  time  (WTAT)  is  26  days. 

b)  Total  flying  hours  (?H)  were  1453  hours. 


29 


fc.  The  HIM  A  IB  Pipeline  Model 

The  procedure  presented  aocve  is  modified  wber. 
the  HIHAIH  pipeline  model  is  used.  Poisson  protection  is 
applied  to  the  attrition  pipeline  as  well  as  to  the  repair 
pipeline.  The  HI HAIR  model  procedure  is  as  follows: 

1)  Collect  and  limit  the  input  data  as  in  steps  a.  1.  and 
a. 2.  above. 
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2)  Compute  the  repair  pipeline  (PR*)  as  it  was  cere  ir. 
step  a. 3, 

PR'  =  1.62  uni*. s. 

3)  The  number  of  items  expected  to  be  in  rhe  wholesale 
pipeline  (PE1)  are  computed  as  follows,  using  the  BCM 
forecast  developed  in  step  a. 4: 

NB '  =  3.51  units; 

EB*  »  S  B'  x  BT AT/t*  . 

*  3.51  x  26.0/60, 

*  1.52  units. 

4)  Tctal  pipeline  allowance  {?')  is: 

E*  =  PS*  ♦  P3*  . 

=  1.62  ♦  1.52, 

*  3.14  units. 

Ecisscr  probabilities  for  a  mean  of  3.14  are: 
n  f  (n )  F (n) 


0.04  33 
0.1359 
0.2134 
0.22  33 
0.1753 
0.1101 
0.35  76 
0.0258 
0.0101 


0.0433 

0.  1792 

0.3926 

0.6159 

0.7912 

0.9013* 

0.9589 

0.9848 

0.9949 


*  n  *  5  provides  protection  closest  to  0.90. 

Therefore 

QP  =  5  units. 

5)  The  final  allowance  (QT)  is  obtained  as  follows: 

QT  *  QP  ♦  OL  ♦  QM, 

*  3  ♦  1  *  QM, 

*  6  +  Qf?  unrts. 

It  can  readily  be  seen  that  this  computation  is 
in  agreement  with  the  RIMST9P  guidelines  for  retail  inven¬ 
tory  levels  quoted  in  Chapter  I.  The  various  levels  are 
equated  in  Table  II  For  the  purpose  of  this  thesis,  it  will 
be  assumed  that  any  xcbilization  endurance  quantity  provided 
will  be  the  same  regardless  of  whether  the  underlying  peace¬ 
time  model  based  on  the  current  Poisson  approach  is  used,  or 
whether  the  model  proposed  in  Chapter  III  is  adopted. 
Consequently,  Qe  shall  be  assumed  to  be  zero,  and  will  not 
be  discussed  further. 
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TABLE  II 

Existing  vs.  RIMAIB  Model  Allowance  Levels 


- 1 


RIMSTOP  (1)  Model 

Level  Variable 

Quantity 

Existing 

com  Duted 

SlM  A  IP 

Bepair 

cycle 

PR* 

1.62 

1.62 

Order  and 
shipping  time 

FB* 

0.  0 

1.52 

Tctal  pipeline 

F' 

i.62 

3.  14 

Safety  QP  -  P' 

2.  38 

1.86 

Operating 

CL 

1.  CO 

1.00 

Replenishment 

(2) 

(2) 

(2) 

Endurance  (1) 

NB* 

3. 00 

- 

Mobilization  (1) 

QM 

- 

QM  (3) 

Tctal 

QT 

8  units 

6«-qm  units 

NOTES: 

( 1)  Mobilization 
ECEI  hi  40 .47 

/  endurance  levels  are  addressed  in 
vice  the  RIMSTOP  instructions. 

(2)  NAVSUF  has  successfully 

defended,  th 

e  "cne-for-cne" 

El 

El 

replenishment  quantity 
allowance  in  all  cases. 


U: 


as 


one  less  than  the 


(3)  Although  documentation  for  the  computation  cf  the 
mobilization  quantity  is  not  available,  it  is 
understood  that  the  final  3IMAIR  allowance  will 
net  be  any  less  than  the  currant  allowance,  and 
will  be  higher  in  many  cases. 


C.  TEEOBITICAL  EASIS  FOB  THE  EXISTING  MODELS 

1 .  A  Queueing  System  Model 

No  justification  for  use  of  the  Poisson  distribution 
is  provided  in  the  literature  available  on  the  current 
system.  However,  a  model  presented  in  elementary  queueing 
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theory  provides  exactly  the  structure  that  is  usei  ir.  the 
existing  mcdel,  and  this  will  be  presented  here  as  a  basis 


for  comparison 

a/Vo©  queue. 

to  the  proposed 

model . 

This  mcdel  is  fcr  the 

A 

AAA 

\ 

1 

A 

. .  "  -"5n£  ... 

/* 

2p.  3 /u.  Uyu 

5/~ 

n^u  (n  +  1)yu. 

Parameter 

Name 

- —  , 

Assumptions 

X 

Arrival  rate 

Independent  arrivals 

Constant  rate 

Exponential  interarrival 
times 

/* 

S  er v i ce  rate 
(repair  rate) 

Exoonen 
iaenti 
Each  se 

tial  service  times, 
cal  for  each  server 
rvice  ns  independent 

f 

Traffic  rate 

f  = 

O 

Mean  number 
in  system 
(pipeline) 

P  =  f 

T 

Mean  time 
ir.  system 

T  =  P/j 

W 

Mean  waiting 
time 

»  =  0 

(3y  specification, 
there  are  enough 
servers  to  serv« 
each  unit  as  it 
enters .) 

vT  <n) 

Probability 
cf  being  m 

1 Tin)  =  ( 

T< 

- - - -  - - 1 

Figure  2.2  Woo  Queue  Characteristics. 


33 


The  M/fl/co  queueing  model  assumes  that  the  number  of 
demands  in  an  interval  is  Poisson,  repair  times  are  exponen¬ 
tial,  and  that  there  are  "infinitely  many"  servers.  In 
practical  terms,  the  specification  for  infinitely  many 
servers  tay  be  assumed  to  be  the  same  as  saying  that  the 
expected  waiting  tire  for  any  item  entering  the  system  is 
zero.  Consequently,  the  physical  queue  may  display  charac¬ 
teristics  similar  tc  that  of  an  a/M/oo  system  even  if  there 
is  only  one  server  when  the  probaoility  cf  having  tvc  units 
in  the  system  at  the  same  time  is  effectively  zero. 

The  state  diagram  at  the  top  of  Figure  2.2  provides 
the  basic  characteristics  that  will  be  used  to  compare  the 
B/a/cc  acdel  with  a  model  to  be  proposed  in  Chapter  III. 
(The  current  model  and  the  RIMAIS  pipeline  model  both  use 
the  Pciescn  distribution  in  computing  allowances,  sc  the 
discussion  of  the  assumptions  that  its  use  implies  apply  tc 
hctJi.)  Given  the  state  diagram,  it  is  easy  to  determine  the 
probability  of  being  in  any  given  state,  n,  as  follows: 


\tico  =  ~n  c  > 


so 


and  in  general, 

(  X+  njm)  7?  C") 

£0 

T  Of/) 
IT  (»*)) 


,\  TT  (  n-i )  *  (  Am) ^u.  IT  (**■'), 


I 

n+f 


(n+i)? 


f  ■  7TC»tJ} 
ntl 

£  TT(o). 


Hith  the  tequireiter.t  that  all  stats  probabilities  mas-  sum 

to  one,  co 

TI  T id)  -  i  ■ 

t  m  o  J 

the  state  probabilities  are  than  determined  to  be: 

-  P 

~n  ( •)  ~  e 

and  for  n>0. 


tto;  - 


(2.5) 


The  mean  number  in  the  system,  average  queue  length, 
expected  time  in  system  and  other  system  parameters  can  be 
derived  this  result  and  from  Little’s  formula  <?=XT).  Any 
took  that  includes  elementary  queueing  models,  such  as 
Kleinrock  [Bef.  7],  Foss(Bef.  8  3,  or  Turban  and  Seredith 
(Ref.  9],  provide  these  relationships,  and  they  are  listed 

in  Figure  2.2  . 

An  inventory  model  that  has  the  character rst res 
listed  in  Figure  2.2  would  use  Equation  2.h  in  solving  for 
CP.  In  application,  as  indicated  before,  the  existing 
system  computes  the  quantity  QP  that  provides  pzctec-*cn 
closest  tc  the  desired  level,  then  adds  one  for  operating 
level. 
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2.  Iaplica tions  of  Adequately- many  Servers 

The  Foisson  ncdel  has  a  number  of  very  nice  features 
■that  aake  it  attractive,  given  that  the  assumption  of 

adequately  many  servers  is  acceptable.  First  cf  all,  there 
is  only  cr.e  parameter  to  the  distribution,  which  makes  main¬ 
tenance  of  a  data  base  simple.  This  parameter  is  the 
forecast  cf  the  expected  number  of  items  in  the  repair  pipe¬ 
line  at  any  given  time.  This  is  easily  done  with  the  i-K 
data  base  because  bcth  the  number  of  items  repaired  during 

any  given  period  ar.d  their  average  turnaround  *ime  are 

readily  available.  Additionally,  expanding  the  size  cf  the 
pipeline  tc  include  the  wholesale  resupply  pipeline  is 
accomplished  simply  by  adding  the  two  pipeline  quantities. 

Another  nice  feature  is  that  saturation  of  the  queue 
can  never  occur;  by  assuming  that  there  are  always 

adequately  many  servers,  demand  can  never  cause  backups  or 
waiting  times.  Forecasts  for  increased  demand  periods 
(wartime  mobilization)  are  done  simply  by  multiplying  the 
expected  number  in  the  system  by  an  appropriate  constant. 
Because  saturation  never  occurs,  there  is  always  a  finite 
steady-state  solution  available.  This  is  not  the  case  w:*h  a 
limit ed- server  queueing  model. 


III.  k  PROPOSED  MODEL 

k.  PHELIBIN AHI  RESEARCH 

The  preliminary  work  for  the  proposed  model  was  accom¬ 
plished  at  the  Naval  P cstgraaua te  school,  Monterey, 
California  as  a  class  project  for  a  course  cr  Stochastic 
Models  given  by  Prof.  Paul  Milch.  The  results  provided  in 
that  study,  [Ref.  10]#  are  presented  here  because  they 
provided  a  major  step  in  the  development  of  the  proposed 
model. 

The  study  was  dene  from  July  to  September  1982  using  a 
data  base  obtained  from  N AMS 0  (Navy  Maintenance  Support 
Office,  Mechar.icsburg,  PA)  of  data  collected  throughout  the 
Navy  frem  January  through  March  1932.  Due  to  the  nature  of 
the  data  base,  if  had  already  been  processed  using  the  TAT 
constraints  listed  in  Figure  2.  1.  Because  the  entire  data 
base  included  over  3C0,00 0  records,  the  study  was  dene  or. 
selected  classes  cf  repair  actions  and  equipments  in  order 
to  keep  it  to  a  manageable  size.  The  equipments  chosen  were 
radar  navigation  units  repaired  ashore  (2055  records),  radar 
navigation  units  repaired  afloat  (587),  and  hale  rotor 
systems  repaired  ashers  (187).  Despite  the  wide  disparity  in 
these  three  classes,  the  results  were  extremely  similar. 

One  cf  the  irajcr  findings  of  the  study  was  that  times 
reported  for  the  repair  and  awaiting  parts  processes  were 
not  independent.  It  was  noted  that  longer  repair  (SP3) 
times  fended  to  be  associated  with  significant  awaiting 
parts  (A#F)  time,  and  the  maintenance  actions  with  short  EPR 
time  generally  had  no  AWP  time.  This  was  expected  because 
experience  at  Navy  repair  facilities  had  shown  +hat  repairs 
are  net  homogeneous;  some  types  of  in-depth  repair  tend  to 


take  acre  tine  for  fault  isolation,  require  more  parte,  an d 
take  longer  for  checkout  than  others  in  which  an  adju=*msnt 
cr  the  replacement  of  a  gasket  is  ail  that  is  required. 

A  second  key  finding  was  that  times  associated  with  the 
TAT  eleaents  were  not  all  distributed  in  ar.  exponential 
manner.  The  distribution  for  the  RPR  and  AWP  TAT  elements 
were  generally  toe  exaggerated  to  be  exponential;  any  expo¬ 
nential  fit  to  the  lew  end  of  the  distribution  failed  tc 
account  for  the  large  number  of  data  points  ir.  the  tail. 
Conversely,  any  distribution  fit  to  the  tail  came  far  short 
of  including  the  large  number  of  observations  with  TATs  of 
zero  cr  one  day. 

The  dependence  cf  the  RPR  and  AWP  times  lead  to  the 
establishment  of  a  new  variable  cor  reparr  cycle  time.  Its 
distribution  had  the  same  general  shape  as  the  RPR  and  AW? 
distr ibutior.s,  but  cr.  inspection  rt  appeared  to  decompose 
into  two  exponential  dist r ibutions  with  different  means. 
This  festered  the  concept  of  treating  the  repair  cycle  as 
two  parallel  repair  processes,  one  in  which  the  repair  rate 
was  very  fast  (or.  the  order  of  one  day)  ,  and  ‘h®  ether  in 
which  the  repair  process  took  ten  to  twenty  times  longer. 

The  last  key  result  of  the  early  project  was  the  idea  cf 
modelling  the  repair  queue  with  a  capacity  constraint.  This 
was  net  explicitly  brought  out  through  analysis  of  the  da-a, 
tut  rather  was  considered  because  experience  with  Navy 
repair  activities  has  provided  many  examples  of  instances  ir 
which  capacity  was  limited,  forcing  inducted  material  to 
wait  for  a  technician  or  test  bench.  This  situation  has  been 
addressed  more  formally  in  the  recently  concluded  RAND  CA5AL 
study,  [Ref.  11],  which  is  quoted  in  part. 

With  the  exception  of  VAST  (Versatile  Avionics  Shop 
Test),  leading  on  the  most  highly  used  piece  cf  equio- 
aent  m  each  avionics  shop  rarely  exceeded  60  percent. 
This  means  that,  given  full  operational  availability, 
most  shops  have  sufficient  wartime  capacity.  VASI.  cn 
the  ether  hand,  shewed  a  wartime  utilization  rate  ct  ibO 
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percent  --  the  wartime  workloads  exceeded  VAST  cccac:*. 
by  60  percent. 


Under  a  sustaired  wartime  scenario  with  all  aircraft 
flvinc  continuously  at  programmed  rates,  the  backlog  far 
VAST  continues  tc  grow.  The  important  issue  is  what 
impact  this  growing  backlog  will  have  on  aircraft  avail¬ 
ability.  A  number  cf  factors  tend  to  partially  alleviate 
the  impact  over  a  limited  time  horizon.  The  cr.  beard 
stcck  cf  spare  parts  will  be  consumed  as  the  oacklog 
grows,  so  backlog  does  net  directly  equate  to  holes  in 
aircraft  (cr  backorders  against  supoly).  To  the  extent 
that  backorders  can  be  consolidated  on  the  fewest  number 
cf  aircraft  through  the  cannibalization  of  components, 
the  impact  is  further  reduced.  Finally,  priority  repair 
management,  which  controls  the  induction  of  components 
into  the  VAST  shop  based  on  aircraft  needs,  will  alsc 
reduce  the  impact... 


In  sum,  the  present  VAST  capacity  is  probably  su'^i- 
cient  cnlv  for  these  wartime  ' scenarios' where  carr_er 
aircraft  are  required  to  operate  at  programmed  ra-es  for 
limited  periods  cf  time,  ‘followed  by  periods  when  the 
carrier  is  able  to  stand  down  and  tnus" has  time  tc  werk 
off  the  VAST  backlog.  If,  however,  the  carrier  is 
required  tc  operate  its  aircraft  for  longer  periods  of 
time  when  the' average  flying  rate  is  equal  *:o  or  exceeds 
the  programmed  rates,  as  the  VAST  backlog  grows  aircraft 
capability  will  begin  to  degrade.  Priority  scheduling 
ror  VAST  provides  only  a  shert-term  remedy  for  the 
cacacitv  shortfall. 


while  the  RAND  people  only  discuss  VAST  in  terms  cf  ir.ade 
a uate  capacity,  their  study  was  to  some  extent  a  "test  case 
analysis;  the  projection  for  capacity  constraints  for  cr he 
test  tenches  was  based  on  complete  bench  availability,  fui 
qualified  manning,  and  adequate  piece-part  support.  Give 
real-werid  support  shor tco mir.gs ,  there  is  a  chance  c ha 
non- V AST  facilities  can  also  become  saturated. 

The  model  developed  in  the  earlier  study  has  bee 
expanded  upon  in  this  thesis,  and  is  illustrated  in  Fi^ur 
3.7  in  its  simplest  form.  The  remainder  of  this  chapte 
describes  the  new  sample  data  base,  provides  validation  fo 
the  underlying  assumptions,  presents  the  theoretical  tasi 
for  the  M/ll/1  queue,  defines  the  proposed  model  i 
cperaticr.al  terms,  and  provides  an  example  of  how  it  works. 
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(2) 

P> 

Repair 

Process 

One 

| 

,~~i 

Admin  j  — > — 

I 

1 

I 

(3)  (1-fA 

Re  Dair 
Process 
Two 

(1)  All  demands  enter  the  system,  with  :a*  = 
X,  and  go  thru  administrative  processing. 

(2)  A  proportion  (?)  of  these  demands ,  enter 
retain  orocass  one,  and  are  servec  with 
rata  ji,  .  ‘ 

(3)  The  remaining  demands  ant er  process  two 
and  are  served  at  rate  p.f 


Figure  3.1  The  Proposed  Model  (Simplified) . 

E.  THE  GAUGES  DATA  EASE 

The  data  base  used  for  the  study  was  obtained  from  NAMSO 
and  consisted  of  maintenance  data,  supply  system  identifica¬ 
tion,  and  unconstrained  turnaround  time  measurements 
extracted  from  the  April-0  ctober  1982  WEST?  AC-Indian  Cesar. 
Deployment  cf  the  USS  RANGES  (CV-61) .  This  da^a  base 
contains  18,273  records  for  all  material  inducted  into  the 
IMA  afcoard  FANG2B  during  the  cruise. 
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Tbs  model  proposed  in  the  earlier  study  assumed  United 
repair  capacity,  unlike  ths  model  currently  ir.  use  c:  the 
BI.1AIE  pipeline  model.  In  order  to  evaluate  the  impact  of 
that  assumption,  moderately  fast  moving  items  were  analyzed; 
slow  movers  offer  little  hops  of  discriminating  between 
models  even  if  only  a  single  test  facility  is  available. 
Consequently,  only  aviation  repairable  items  that  had  exhib¬ 
ited  twenty  or  mere  actions  during  RANGER'S  six-month  cruise 
were  selected  for  analysis.  There  were  79  such  items.  The 
following  summaries  present  the  basic  characteristics  cf  the 
entire  lata  base,  and  contrast  them  with  the  cha racteristics 
cf  the  selected  sample.  (Appendix  A  provides  more  complete 
statistics  on  ths  data.) 

1  *  Supply  S  yste  m  lient if ication 

Table  III  provides  the  breakdown  for  the  entire 
RANGER  data  base  and  the  selected  sample  for  three  key 
supply  system  identifiers;  the  cognizance  code  (cog),  the 
material  control  code  (.ICC)  ,  and  ths  special  material  iden¬ 
tification  cede  (S3IC).  Although  the  national  s~cck  number 
(NSN)  is  the  prise  identifier  for  an.  y  given  unit  or  part,  it 
does  not  carry  such  information  about  what  an  item  is  and 
what  it  may  be  used  for;  the  three  identifiers  listed  in  -ne 
table  are  usually  associated  with  tne  NSN  in  order  to  convey 
this  information. 

Complete  descriptions  of  the  codes  are  provided  in 
the  appendices  of  Naval  Supply  Systems  Command  (NAVS’JP) 
P-485  [Bef.  12].  Brief  descriptions  for  the  cedes  listed  in 
the  table  are  as  follow; 

a)  The  cognizance  code  (cog)  designates  the  inventory 

manager  who  exercises  supply  management  over  specified 
categories  cf  material  [Ref.  12;  Appendix  18]. 

1)  MR'  designates  ASO-aanaged  consumable  material. 
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TABLE  III 

BAHGEB  Data  Base  Supply  Data  Suaaary 


Category/ 
Key  values 


Co 


li:  ASO  consumable 
2B:  ASO  depot- level 
reca  arable 
83:  ASO  depot-level 
repairable 
Other 
None 

TOTAL 

see 

D:  field-level 
repair  abl a 
E:  CL  A  HP  repairable 
H:  Nor. -CL  A  HP  depot - 
level  repairable 
Other 
None 

TOTAL 


SHIC 

CS: 

cy: 

FA: 
FE : 
FZ: 
PF: 

3  Z : 

Ct  h<: 
Non4 


Number  of  actions  (*) 


Entire  3ANG2H 


Sei acted 


s- 3a  aircraft 
AiiG-9  radar 
A -6  aircraft 
EA-63  aircraft 
GFE  pregran 
F-14A  aircraft 
ASN-92  (CAINS) 
irertial  nav  syst 


TOTAL 


Dat  a 

base 

s 

ample 

1149 

(6.3) 

105 

(  3.6) 

8171 

(44.7) 

1859 

(64.5) 

1132 

(6.2) 

920 

(31.9) 

88  1 

(4.8) 

S J 

(  0.0) 

6945 

(38.0) 

9 

I  3.0) 

18278 

2884 

1235 

(  6.8) 

105 

(  3.6) 

5144 

(28  .  1) 

15  27 

(52.5) 

4350 

(23.8) 

125  2 

(43.4) 

328 

(1.8) 

0 

(  0.0) 

7221 

(39.5) 

0 

(  0.0) 

18278 

2884 

1818 

(9.9) 

24  7 

(  6.6) 

99  4 

5.4) 

65  3 

(22.6 

760 

4.2) 

155 

(  5.4) 

750 

(4.1) 

175 

(6.1 

636 

(3.3 

242 

(  R.4) 

1186 

(6.5) 

143 

(  5.0 

454 

(2.5) 

33  1 

( 1 1  •  r) 

em 

4363 

(23.9) 

9  37 

(32.5) 

7347 

(40.2) 

U 

(  0.0) 

13278 

2864 

2)  ' 2R*  and  "83’  designate  ASO-managed  repairable 
material . 

3)  'Cther'  represents  a  number  of  c-.ier  cogs  with  few 
relatively  few  demands  each. 

b)  The  material  control  code  (HCC)  is  designated  by  the 
inventory  manager  to  segregate  items  into  manageable 
groupings  [Ref.  12:  Appendix  9.  F  ]. 

1)  '  C '  designates  a  field-level  repairable. 
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2)  •£'  designates  an  intensi fied-management  depot- 
level  repairable,  managed  under  the  Cicsed-Lcop 
Aeronautical  Material  Program  (CLAJ1F)  . 

3)  ' H •  is  a  depot-leval  repairable  net  otherwise 
designated . 

4)  'ether'  represents  items  with  any  other  MCC 
assigned. 

c)  The  special  material  control  code  (SMIC)  is  assigned  to 
an  item  to  ensure  its  technical  integrity  [ Bef .  12: 
Appendix  9.1].  ASO  generally  assigns  SMIC  cedes  for 
material  under  their  cognizance  to  identify  the  weapon 
system  to  which  the  item  at  plies,  to  identify  the  func¬ 
tion  if  more  than  one  weapon  system  is  involved,  cr  tc 
identify  a  special  program  the  item  is  managed  under. 

1)  'CS'  items  apply  to  the  S-3A  antisubmarine  patrol 
aircr  a  ft . 

2)  'CY'  applies  to  the  * WG- '5  radar  system  cr.  the 

P-14A. 

3)  'FA'  applies  to  the  *-<S  attack  aircraft. 

4)  ' FE'  applies  to  the  5A-6B  electronic  warfare 

aircraft. 

5)  •  FZ'  appies  to  a  special  project  for  government 
furnished  equipment. 

6)  '  FF'  applies  to  the  F-  14A  fighter  aircraft. 

7)  'SZ*  applies  to  the  ASN-92  (CAINS)  Carrier 

Airborne  Inertial  Navigation  System. 

3)  'Cther'  represents  more  than  forty  ether  SMIC's, 
each  having  relatively  low  demand. 

Each  of  the  above  codes  also  had  many  observations  listed  as 
'none*  for  the  entire  RANGER  data  base.  The  38%  listed  as 
'none'  fer  the  ccg  cedes  indicates  that  38%  of  the  manufac¬ 
turer's  parts  numbers  listed  on  the  YIDS/NAF  maintenance 
data  forms  cculd  not  be  matched  to  ar.y  NSN  (every  NSN  ir.  the 
Navy  Supply  System  has  a  cog,  and  vice-versa.)  The  slightly 
higher  quantities  listed  as  'none'  in  the  MCC  and  SMIC 


categories  include  these  38%  plus  some  ether  items  for  which 
an  NSS  and  cog  were  available,  but  for  which  that  code  was 
not  assigned.  Seme  taintenanca  actions  listed  as  'none*  may 
reflect  actions  for  non-sto ck-numbered  items,  but  certainly 
many  are  the  result  cf  poor  data  entry  procedures. 

It  is  obvious  that  the  sample  used  fer  this  thesis 
is  not  a  representative  sample,  nor  was  it  intended  tc  be. 
The  79  items  in  the  sample  experienced  about  16*  of  the 
total  demand  for  the  RANGES  deployment,  yet  the  92 0  ’  8R' 
actions,  fer  example,  represent  more  than  21*  of  the  8R 
actions  in  the  data  base.  Only  maintenance  actions  matched 
to  NSK's  are  included  in  the  sample,  however;  it  is  likely 
that  the  SANGER  dad  a  base  includes  data  for  items  used  in. 
th9  sample,  but  which  were  not  credited  to  the  correct  stock 
number  because  of  data  input  problams.  one  missed  digit  in 
the  leng  part  number  block  will  cause  a  mismatch  to  occur. 

Curing  development  cf  the  proposed  model,  maty  deci¬ 
sions  wars  made  with  the  idea  that  the  model  might  actually 
be  applied  in  real-world  situations.  Choices  available  a- 
decision  points  were  considered  in  accordance  with  the 
degree  of  simplicity  and  practicality  that  they  offered. 
Thus,  analysis  was  restricted  to  1R  D,  2R,  and  3p.  cognizance 
material  tecause  it  is  for  these  categories  of  material  that 
the  current  mod«l  is  used,  and  to  which  the  RIMAIR  model 
should  be  applied. 

2.  Cate  3a  ej  TAT  Ch  ar  act  eristics 

Turnaround  time  analysis  is  at  the  hear*;  cf  the 
inventory  modelling  problem,  and  it  is  important  tc  recog¬ 
nize  the  structure  within  which  the  TAT  elements  are 
reported.  As  stated  briefly  in  Chapter  II,  TAT  and  the 
elements  that  make  it  up  (IP,  SKD,  RPR ,  AWP)  are  reported 
into  the  da*a  collection  system  indirectly  by  use  cf  the 
VIDS/dAF  source  document;  the  values  for  the  various  TAT 
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elements  are  computed  by  NAMSO  based  upon  the  dares  t bar 
various  key  events  in  the  maintenance  cycle  cccur,  as 
recorded  in  Figure  2.1. 

There  is  an  inport  ant  limitation  inherent  in  this 
system.  Quick  actions,  in  which  two  or  more  of  the  events 
cccur  on  the  same  date,  will  be  computed  to  take  zero  days. 
It  is  net  possible  tc  have  a  failed  item  removed  from  an 
aircraft  and  complete  the  repair  cycle  in  zero  time,  yet  the 
sample  revealed  that  35. 25  of  all  turnaround  times  were 
reported  as  taking  0  days.  The  inability  of  the  data 
collection  system  tc  measure  the  bulk  of  the  actions  any 
more  accurately  than  as  zero  or  one  day  caused  a  consider¬ 
able  problem  when  conducting  independence  tests  ar.d  ir. 
simulating  the  system.  In  soma  application.:  of  their  allow¬ 
ance  model,  ASO  uses  a  minimum  TAT  of  cna  day  when  this 
situation  occurs.  Ac  important  point  for  future  considera¬ 
tion,  as  the  maintenance  data  system  evolves,  will  be  to 
attempt  tc  provide  greater  resolution  in  TAT's. 

Table  IV  presents  a  comparison  of  the  TAT  elements 
reported  in  the  entire  RAH3ES  data  base  with  these  ir.  the 
sample.  There  are  two  important  observations  to  be  made 
froi  this  TAT  information.  First,  the  average  time  reported 
for  mes  of  the  TAT  elements  are  low  because  many  of  the 
observations  reported  for  the  TAT  elements  were  0;  this  was 
the  case  for  2427  cf  the  283u  in-process  time  observations 
(84.25),  2202  of  the  scheduling  time  observations  (76.45), 

1790  cf  the  repair  time  observations  (62.1%),  and  1016  of 
the  TAT  observations  (35.2%).  The  aforementioned  inability 


to  measure  times  in  less  than  whole  day  intervals  may  affect 
any  mcdel  that  is  very  sensitive  to  estimation  of  the  repair 
rate. 

Second,  •‘■.here  is  a  considerable  amount  of  tine  spent 
rn  attempting  to  repair  and  obtain  parts  for  units  that  are 
later  BCH’d.  The  BC5J  action  portion  of  the  table  shows  that 


TABLE  IV 

Data  Base  TAT  Summary 


A.  All  successful  repair  actions. 


Enti 

is  data 

ba  se 

Select  ed 

Sa  f pie 

TAT 

Element 

* 

Mean 

(days) 

Standard 

Deviation 

(days) 

# 

Kean 

(days) 

Standard 

Deviation 

(days) 

IP 

12524 

0.72 

1321 

2532 

0.55 

416 

SKD 

12524 

1.29 

4.6 

2502 

0.53 

2.1 

BPS 

12524 

1  .67 

5.6 

2502 

1.  23 

4.  2 

AMP 

12524 

1 .93 

7.2 

2502 

1. 31 

5.U 

AMP* 

176  3 

13.69 

14.3 

304 

10.  79 

1  1.7 

TAT 

12524 

5.61 

17.0 

2502 

3.  62 

9.1 

B.  All  BCM  actions. 


Ent 

ire  data 

ba  se 

Se 

1 s d 

Sa  vcle 

TAT 

# 

Kean 

Standard 

$ 

Scan 

Star.dar 

Element 

IP 

5754 

(days) 

1.32 

De  viat ion 
(days) 

1319 

382 

(days) 

1.  26 

Deviate 

(days) 

810 

SKD 

5754 

1.22 

1  3.8 

3  82 

0.  74 

2.6 

EPS 

57  54 

1  .86 

14.8 

382 

2.07 

7.  1 

ASP 

57  5  4 

3.  17 

10.  1 

382 

5.74 

14.4 

AW?* 

894 

20.42 

17.3 

95 

23.08 

20.9 

TAT 

5754 

7.57 

27.0 

382 

9.80 

19.3 

C.  All  actions, 


Ent 

ire  data 

ba  se 

Se 

lected 

Sa  mole 

TAT 

Element 

* 

Mean 

(days) 

Stands ~d 
Deviation 
(days) 

♦ 

Kean 

(days) 

Standard 
Deviation 
( davs) 

IP 

18278 

0.91 

13.4 

2884 

0.65 

5*.  2 

SKD 

18278 

1.27 

8.6 

2884 

0.  56 

2.2 

BF3 

18278 

1.73 

9.  5 

2884 

1.  34 

4.  7 

AWP 

18278 

2.32 

8.2 

2884 

1.  90 

7.3 

AW?* 

2657 

15.95 

15.7 

399 

13.  71 

15.  3 

TAT 

18278 

6.23 

20.7 

2884 

4.  44 

11.2 

*  AWP 

aver 

age  fer 

those  actions  tha 

t  exper 

ier.ced  AWP 

I 

I _ 


5754  cf  the  18278  maintenance  actions  documented  resulted  in 
ECU  action,  and  that  these  actions  had  an  average  TAT  of 
7.57  days.  If  these  actions  were  spread  out  evenly  ever  the 
course  cf  the  178  day  deployment,  it  wcula  sear,  that,  or. 
average,  there  were  244.  7  non-RFI  units  on  board  ship  in  the 
repair  cycle  on  any  given  day  that  would  later  be  BCM'd.  The 


BI.1AIB  scdel  will  net  tales  these  items  into  account  when 
develcprrg  allowances  to  support  the  repair  cycle. 

Although  the  SIMAIR  acdsl  ignores  the  time  that 
cr.r*s  declared  BC!l  spend  in  the  repair  cycle  (the  bZ’i  TAI)  , 
* t»  EC.l  TAT  could  be  included  in  either  the  repair  pipeline 
(by  assuming  that  all  inductions  are  attempted  repairs!  cr 
as  cart  cf  the  order  and  shipping  time.  Ignoring  the  ECM 
«air.  t  e  rar.ee  cycle  ti»e,  especially  for  units  held  in  antici¬ 
pation  cf  or-air.  ing  parts,  can  seriously  hamper  support  for 
these  1 *  e ■ s  . 

3  .  Maintenance  Cata  Ch  aract  eriz  a  tier. 

The  factors  used  to  classify  maintenance  actions 
into  ere  repair  process  cr  another  should  exist  within  the 
aainterar.ee  data  base,  waich  is  described  in  great  detail  in 
the  Naval  Aviation  Maintenance  Program  (NAMP)  manual, 
CPNAVINST  4790.  2 E  [Bef.  13).  The  aviation  maintenance  data 
collection  system  is  used  for  mar.kcur  accounting,  docu¬ 
menting  aircraft  utilization,  failure  data  reporting,  and 
many  ether  purposes.  Some  cf  the  data  elements  directly 
concern  repair  cf  failed  components  removed  from  aircraft., 
ana  these  data  elements  have  beer,  analyzed  to  determine  if 
they  provide  the  capability  tc  distinguish  between  the  type 
one  repair  process,  which  is  conceptualized  as  a  quick 
test -and-check  type  cf  repair,  and  the  type  *wo  repair, 
which  is  thought  tc  he  a  more  in-depth  repair  that  generally 
takes  longer  and  requires  mere  part  support.  The  following 
data  elements  are  the  ones  that  have  beer  analyzed.  Ar. 
example  cf  the  type  of  information  provided  by  each  cede  is 
listed  fer  each  category;  complete  explanations  for  each  of 
the  various  codes  are  too  long  for  inclusion  in  this  thesis. 
The  interested  reader  is  referred  to  the  descriptions  that 
are  provided  in  the  NAMP  appendix  indicated. 
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a)  The  action  taker  (AT)  code  classifies  repair  actions  as 
to  their  result,  and  what  maintenance  action  brought 
about  the  result  [Hef.  13:  Appendix  H ].  For  example, 
AT  cede  'C',  fer  repair,  is  listed  as  ''Repair  includes 
cleaning,  disassembly,  inspection,  reassembly,  lubrica¬ 
tion,  and  replacement  of  integral  parts;  . . ” ,  etc.;  its 
use  indicates  that  the  repair  was  successful. 

b)  The  malfunction  (MAL)  code  specifies  the  type  of  defect 

found  by  the  mainte nanc a  person  attempting  repair 
[Hef.  13:  Appendix  a].  ‘290'  for  example,  is  listed  as 

"fails  diagnostic/aatomatic  tests";  guidance  from 
higher  authority  and  experience  will  dictate  to  a  main¬ 
tenance  technician  when  use  of  this  entry  is  more 
appropriate  than  any  other. 

c)  The  type  maintenance  (TM)  code  specifies  the  mainte¬ 

nance  action  or  inspection  that  took,  place  in  remcvir.a 
the  defective  item  from  its  installation  [Hef.  13: 
Appendix  K]«  TH  code  *3*  ns  listed  as  "Unscheduled 
maintenance.  Used...  for  all  maintenance  actions  except 
the  following:".  Four  detailed  exceptions  are  then 
listed:  two  types  of  inspections,  calibration  for  a 

specific  category  of  equipment  ,  and  maintenance  of 
transient  aircraft. 

d)  The  when  discovered  (WD)  cede  specifies  the  operation 
cr  maintenance  action  that  led  to  the  discovery  cf  the 
defective  item.  [Ref.  13:  Appendix  V],  WD  code  '  S'  is 
described  as  "used  when  a  need  for  maintenance  is 
discovered  during  in-shep  repair  and/or  disassembly  for 
maintenance. " 

The  category  ’Other’  is  used  for  these  codes  to 
reflect  actions  where  the  number  cf  observations  was  too  few 
to  warrant  inclusion  in  the  table.  For  example,  there  were 
89  different  HAL  codes  used  for  actions  related  to  items  ir. 
the  sample;  a  number  cf  these  were  used  only  once. 
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Table  V  provides  a  summary  of  the  data  available  in 
tne  RANGEF  data  base  for  these  four  maintenance  cedes  and 
contrasts  this  with  data  used  ir.  tna  sample.  This  data  is 
presented  for  two  reasons.  First,  it  helps  to  illustrate 
the  variety  and  richness  that  is  available  in  the  aviation 
3-M  data  base  for  characterizing  maintenance  actions. 
Although  there  are  relatively  few  codes  listed  here,  there 
are  hundreds  of  malfunction  (MAL)  codes  and  many  more  ir.  the 
ether  categories. 

The  second  reason  fer  presenting  this  data  is  that 
these  maintenance  data  codes  should  provide  a  means  of 
differentiating  repairs  into  the  theorized  process  one  and 
process  twe  of  the  model.  This  will  be  shewn  ir.  the 
following  section. 

C.  A1ALISIS  OF  THE  TAT  ELBHENTS 

As  was  rctsd  earlier,  the  establishment  of  the  repair 
system  as  two  parallel  processes  is  an  important  element  of 
this  model.  The  following  procedure  was  used  to  develop 
this  concept.  First,  the  lick  of  independence  of  *he  current 
TAT  elements  is  shewn.  Based  upon  this  result,  a  n“=w  vari¬ 
able  structure  is  developed.  It  is  then  shown  that  the  IAT 
data  for  the  repair  processing  time  are  not  distributed  in 
an  exponential  manner.  The  repair  process  is  analyzed  with 
the  result  that  there  are  actually  multiple  repair  processes 
occurring  simultaneously.  A  simple  model  is  then  hypoth¬ 
esized  which  classifies  all  repair  actions  into  two  subsets, 
depending  solely  cn  the  existence  or  absence  of  AMP  -ime. 
These  twe  underlying  processes  are  shown  to  be  independent 
cf  each  ether  and  to  have  exponential  distributions. 
Finally,  revised  TAT  limits  for  use  with  the  new  variables 
are  presented. 
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TABLE  7 

BANGER  Data  Ease  Maintenance  Characteristics 


Category/ 

Key  values 

Action  Taker.  (AT) 

A:  Nc  reoair  required 
C:  Repair 
J:  Calibrated 
Ctbsr  repairs 

ESPAIS  TCTAL 


Entire  SANGER 
Da z a  ba  s  s  ( %) 


2413 

[13.2] 

503 

.17.4) 

8488 

46.4 

1980 

68.7) 

1207 

6.6 

0 

C.0) 

399 

2.2' 

19 

0.6 

12503 

’66.4 

2502 

86.7) 

1: 


ac‘ 


ECfi-repair 
authorized 
ECM-lack  of  carts 
ECM-iails  checkstest 
BCM-fceycnd  authorized 
depth 
Other  Eds 

ECM  TOTAL 


4: 

5: 

7: 


ether  actions 
TOTAL 

Malfunction  code  (MAL) 


2435  <13.  3) 


322 

650 

1212 

635 

5754 

18 

18278 


(  4. 5; 

)  87  I 

E  3.0) 

3.6 

!  47  | 

1.6) 

(  6.6] 

1  106  < 

!  3.7) 

(  3.5] 

I  8  ( 

;  o*3) 

(31.5; 

1  382  | 

[13. 2) 

(0.1)  0(0.0) 

2884 

070 

Broken  physically 

342 

4.6) 

105 

3.6) 

127 

Improper  adjustment 

1691 

9. 31 

i  55  o 

19.2 

169 

Incorrect  volt  acre 

571 

3.  1 

225 

7.8) 

242 

Fails  to  operate 

2031 

11.1 

127 

4.4 

255 

Nc  output 

731 

4.0 

149 

5.2' 

290 

ATE  test  failure 

4001 

21.9 

351 

12.2 

374 

Internal  failure 

311 

4.4 

119 

u*  1) 

799 

No  defect 

1803 

9.9 

372 

12.9 

604 

Nc  def act , schedul ed 

1575 

3.  6 

126 

4.4) 

mairt  <~  nanc  e 

Cth<=r 

4222  (23.  1)  75b 

[26.2) 

TOTAL 

18279 

2834 

Type 

Maintenance  Performed 

<TM) 

E:  Unscheduled 

15751 

[8b.  4 

2737 

94.  9) 

E:  Cailv  Inspection 

452 

2.5) 

130 

4.5) 

E :  Calendar  inspection 

579 

3.  2 

1 

0.0) 

E :  Conditional  InsDection 

1  272 

7.0 

2 

0.1 

Other 

184 

0.9 

1  4 

0.  5 ! 

TOTAL 

18278 

2884 

when 

Discovered  (WD) 

E:  Inflight,  no  abort 

4  076 

[22.3, 

1187 

[4  1.  2) 

H:  Between  flights. 

4083 

22 . 3j 

891 

[ 3  C .  9) 

fcy  ground  crew 

S:  In  shop 

4  3  20 

23.6)  131 

6.3) 

ether 

5799 

31.8)  625 

21.6) 

TOTAL 

18278 

2884 

I 


Selected 
Sample  (T) 


134  (  4.6) 
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1  •  Independence  of  the  TAT  Elements 

Chaffer  II  provided  the  current  procedure  for 
Halting  TAT  element  observations.  The  1977  ASO  study  that 
developed  the  current  limits,  [Ref.  4],  assumed  the  TAT 
eleaents  to  te  independent.  This  is  not  a  valid  assumption. 
Chi-square  tests  of  independence  with  oC-levels  of  0.01  lead 
to  the  following  conclusions: 

a)  In-process  time  (IP)  is  independent  of  the  other  -hree 
elements.  This  was  expected  because  I?  measures  the 
time  required  for  administration  and  transportation 
functions  performed  by  the  operational  level  (squadron) 
itaictecar.ee  personnel  and  the  local  supply  activity, 
and  is  not  related  to  the  repair  process  itself. 

b)  Scheduling  time  (SKD)  ,  repair  time  (HIE),  and  awaiting 
parts  -ime  (AW?)  are  net  independent  variables.  These 
three  variables  measure  the  functions  most  closely 
related  to  the  actual  repair,  and  their  relationship  to 
each  ether  is  net  surprising. 

Table  VI  provides  the  results  of  the  independence  tests 
which  tested  each  cf  the  four  TAT  elements  for  ir.de  psnder.ee 
from  each  cf  the  others.  Part  A  provides  a  brief  definition 
for  sac’n  of  the  elements;  part  B  summarizes  the  results  of 
the  chi-square  independence  tests;  and  independence  tests 
using  Pearson's  correlation  coefficient  (r)  are  presented  in 
part  C  of  the  table.  Both  sets  of  tests  indicate  that  the 
hypothesis  that  I?  is  independent  cf  SKD,  RPR,  and  AM? 
car.net  be  rejected.  The  significance  levels  of  the  tests 
range  frem  0.  207  to  0.34  0.  The  tests  for  independence 
between  the  SKD,  3PE,  and  AW?  elements  are  all  rejected  at 
the  0.01  level. 

A  derived  variable,  called  repair-cycle  time  (RCT)  , 
is  new  formally  defined  as  the  sum  of  the  scheduling, 
repair,  and  awaiting  parts  times  for  a  giver,  maintenance 
acticr. 
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TABLE  71 

TAT  Element  Independence  Test  Besults 


I 

I 

I 

I 


A.  Definitions 
TAT  element 


Time  period  measured 
From  |  'Jr.iii 


IE  :In  process 
SKD: Scheduling 
EES : Repair 

less  AMP  time) 
AMP :  Awaiting  oar 


|  removal 
)  receipt  at  IMA 
(  work  starts 

I  work  stoppage 


|  receiot  at  IMA 
)  work’  start s 
I  completion 

I  work  resumes 


3.  Chi-sguare  tests  for  inde Denaen ce  were  cerforme 
cn  the  data  elements  using  SPSS.  Data  for  th 
elements  were  grouted  into  categories  sc  that  n 
cell  would  have  less  than  3  for  an  exoecte 
observation.  Test  results  are  listed  as  follows: 

Chi-sguare:  VAR2 

test  value 
V  A  R  1  (1.  f.) 

si a  le vel 


1 

SKD 

RPR 

AMP  | 

!  it 

1 

2.6 

(2) 

p  =  . 26  6 

5.9 

(4) 

p  =  . 20  9 

3.4  | 

P-'lis  1 

|  SKD 

26.7 

p  =  .(0)0  0  3 

24.  3  ! 

p=.(oi)05  | 

1 

| 

1 

1 

1 

37  2.  6  ( 

(12)  | 

p=.0000  | 

Correlations  using  Pearson's  r . 

1 

SKD 

RPR 

A  UP  | 

1 

I? 

-0. 0077 
(2884) 
p= . 340 

-0. 0116 
(2984) 
p - . 26b 

-0.0111  1 

ii*AU  ! 

SKD 

0.0653 

0.  0477  I 

(2894) 

?= . 005  | 

II  1 

s”  1  1 

0.23  11  | 

(29841  j 

p=.OO0  j 

I 

i 

I 

I 


t 

! 


52 


0-0  .1)  Cli 


RCT  -  SKD  ♦  RPR  -  A *P 


(3.1) 


A  test  of  independence  between  RCT  and  I?  yielded  a  chi- 
sguare  value  of  3.5  with  5  degrees  cf  freedom  ar.d  a 
significance  level  cf  0.623,  leading  :c  a  conclusion  of 
independence  between  RCT  and  I?. 

The  use  cf  BCT  as  a  key  variable  rn  a  simple  model 
is  dependent  upon  the  assertion  that  in  is  exponential.  A 
staoistical  test  cf  this  assertion  resales  in  rejection  of 
the  exponential  distribution.  The  mean  of  RCT  is  3.  79  3;  an 
exponential  distribution  with  this  same  mean  would  have 
approximately  32.7^  cf  its  observations  for  0-1  days,  and 
8.21  for  10  or  more  days.  The  empirical  distribution  for 
RCT  has  acre  weight  in  both  these  categories:  71. C*  (2048  of 
2334  cbservations)  fcr  0-1  days,  and  10.4,1  (299  of  2834)  for 
10  days  or  mere.  A  formal  test  for  the  exponential  dis~ri- 
tuticr  was  performed  with  the  Lilliefnrs  test  for 
exponential  distributions.  The  resulting  value  was  0.383 


with 

30  degrees 

cf 

freedom,  which  leads 

tc  the  rejection  of 

th  a 

hypothesis 

t  hat 

the  distribution  is 

exponential  at  the 

0.01 

level  of  s 

igni 

f  icance. 

Similar  conclusions  were  reached  in  the  earlier 


study  [Bef.  10].  In  that  study  the  data  were  splat  ante  awe 
parts  each  roughly  approximated  by  an  exponential  distribu¬ 
tion.  The  empirical  distribution  of  the  SANGER  RCT  lends 
itself  tc  a  similar  conclusion;  if  two  separate  exponential 
processes  with  different  mean  times  were  occurring  simulta¬ 
neously,  their  jcint  distribution  could  exhibit  the 
characteristics  that  the  RCT  distribution  does.  The  factor 
cr  factors  that  facilitate  classifying  items  into  one  or  the 
ether  of  the  underlying  processes  must  now  be  identified. 


2.  D  eccrcoo  s  it  i  c  r  of  P.C  T 

Table  VII  presents  a  summary  of  PCT  time  observa¬ 
tions  broken  down  by  the  taint  enance  fata  elements 

previously  listed  in  Table  V  .  The  table  provides  the 

number  of  cases  listed  m  each  category  for  each  cede,  the 

average  value  for  RCT  for  that  category,  and  the  standard 
deviation.  All  times  are  listed  in  days.  The  results  of 
separating  the  data  in  this  tanner  are  to  indicate  that 
t  h.  it  ^  ^  c  cl**f^£.<snc,$s  ft  CT  f  c  r  vs  1  u  6S  **  i.  ^  ^  — 

codes.  For  the  AT  cede,  AT  *A'  (no  repair  required)  had  an 
average  F.CT  value  of  0.79  days;  AT  ’C'  (successfully 

repaired)  had  a  lean  of  3.52  days;  and  AT  (SCd  for  lack 

of  parts)  had  a  mean  time  of  26.77  days.  The  breakdown  by 
PAL  cede  was  equally  enlightening;  .TAL  '  799'  (no  defect)  had 
mean  PCI  of  0.7d  days,  ha*  UAL  '  290'  (fails  dignostic/ 
automatic  tests)  and  SAL  *255'  (no  output)  had  mean  values 
cf  PCI  of  9.07  and  11.09  days,  respectively.  The  TS  and  W? 
cedes  also  showed  differences  between  their  values,  but  no* 
to  the  same  extent. 

The  existence  cr  absence  of  AM?  time  was  also  used 
as  a  Eerr.culli  variable  for  the  purpose  cf  differentiating 
the  repair  processes.  This  was  lone  on  tne  belief  that 
certain  types  of  repair  action  are  more  likely  to  result  in 

AW?  time,  and  therefore  the  existence  of  AMP  may  be  a  key  to 

differentiating  the  processes. 

ANOVA  tests  were  run  on  the  variables  using  PCT 
values  as  the  dependent  variable  in  an  attempt  tc  differen¬ 
tiate  the  processes.  Using  the  existence  cf  AW?  to 
differentiate  between  the  processes  is  biased  because  PCT 


includes  AM? 

time  within  it. 

Therefore,  a ddi 

t  ioral 

“t  9  S*  S 

were  run  cn 

RCT  without  A WP 

time  included. 

Table 

VIII 

provides  tne 

results  of  these 

tests.  Part  A 

of  the 

ta  bl  e 

provides  the  results  of  separate  tests  for  significance  in 
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TABLE  VII 

BCT  Values  for  Selected  Data  Elements 


Category/ 
Key  values 


Action  Taken  (AT) 

A:  Nc  repair  required 
C:  Retain 

Crher'  repai”  actions 
FEPAIR  TCTAL 

1:  S  CM -re  o  air  net 
authorized 

4:  ECM-lack  of  carts 
5:  5C,M  -  fa  .i  Is  checkStest 
V:  ECM-bevond  authorized 
death 

Cther’  E CM :i 

ECM  TOTAL 

TOTAL 

Malfunction  Code  (MAL) 

070  :  3rcter.  physically 
127;  laproper  adjustment 
16  9:  Incorrect  voltage 
242:  Fails  to  oferate 
25  5  :  Vc  o  JtDUt 
290:  ATE  test  failure 
374:  internal  failure 
799  :  7c  da f ect 
804;  7c  d ?f set , schedul ad 
maintenance 

Cther 

TOTAL 

Type  Maintenance  Performed 

E:  Unscheduled 
C:  Caily  Insoec^ion 
?:  Calendar  Inspection 
S:  Conditional  Inspection 
Ct.ner 

TOTAL 

9  her.  Li  see  ve  red  (HD) 

E:  Inflight,  no  abort 
H:  Eetween  flights, 
by  around  ers* 

S:  In  shop 
Cther 

TOTAL 


7 

Mean 

Standard 

(days) 

Deviation 

(days) 

5  03 

0.79 

2.  10 

1950 

3.52 

5.34 

19 

1b .  05 

- 

2502 

3.07 

7.92 

134 

0.26 

1  .t>0 

37 

26.77 

23 .70 

47 

0.96 

z.  1  1 

106 

7.53 

It.  vo 

8 

6.83 

_ 

382 

9.54 

17.97 

2  88  4 

3.79 

3.94 

105 

2.59 

5.58 

555 

1.11 

4.21 

225 

5.15 

11.18 

127 

1.43 

10.11 

149 

11.09 

16.76 

351 

9.07 

15.62 

118 

5.09 

3.72 

37  2 

0.73 

2.33 

126 

1.47 

1.50 

756 

3.70 

2864 

3.79 

9.56 

(TM) 

2737 

3.88 

10.20 

130 

1.95 

5.6  0 

1 

0.00 

— 

2 

1 . 50 

0.71 

14 

3.71 

- 

2884 

3.79 

1C. 02 

1 187 

4.27 

11.04 

891 

3.29 

9.25 

181 

2.09 

5.46 

625 

4 .  10 

— 

2884 

3.79 

9.98 
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explaining  the  variability  of  RCT  when  using  the  four  main¬ 
tenance  cedes  (AT,  MAI,  TM,  and  HD)  and  the  presence  of  AWP 
separately  to  try  to  explain  the  variance.  The  test  revealed 
that  all  cf  the  codes  except  TM  were  significant  in 
explaining  the  variability.  The  sum  of  squares  explained  by 
HD,  even  though  significant,  was  small  compared  tc  the  sum 
cf  sguarss  explaired  for  the  other  three  variables. 
Consequently ,  when  testing  for  the  significance  of  the  vari- 
aoles  when  used  together  in  the  ANOVA  test,  only  AT,  MAL, 
and  A  HP  were  used.  The  result  of  this  test  is  provided  ir. 
the  bettem  of  part  A,  and  indicates  that  A  HP  is  the  best 
single  indicator  for  explaining  the  variabili-.y  cf  RCT. 

Part  3  of  the  table  shows  the  results  of  performing 
the  same  tests,  but  using  the  sum  SKD+RPR  as  the  variable  tc 
be  explained;  the  reason  for  doing  this  is  to  minimize  the 
bias  inherent  in  using  the  presence  of  AWP  to  indicate  the 
variability  in  a  variable  that  includes  AW?  time.  The 
results  are  similar:  MAL,  HD,  and  AW?  are  the  best  indica¬ 
tors  when  tested  separately,  but  this  time  MAL  turns  cut  tc 
be  a  slightly  better  indicator  when  the  three  variables  are 
tested  jointly. 

Ic  summarize,  the  ANOVA  tests  revealed  that  the  best 
variables  for  use  as  factors  to  differentiate  the  repair 
processes  were  the  MAL  cede,  the  AT  code,  and  the 
existence/absence  of  AHP.  These  were  all  significant  at  the 
C.001  level  whether  AHP  time  was  included  in  3CT  cr  not.  The 
AHP  cede  provided  the  greatest  ability  to  explain  variations 
in  RCT,  which  includes  AWP  time,  and  the  MAL  code  provided 
the  greatest  ability  to  explain  variations  in  the  RER+SKD 
times  (i.s.  ,  RCT  without  including  AWP  time.) 

Use  of  the  MAL  code  for  differentiating  repair 
processes  is  probably  the  most  logical  choice,  but  there  is 
an  inherent  problem.  It  is  easy  to  accept  that  the  type  of 
repair  action  necessary  for  a  unit  depends  upon  the  exact 
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TABLE  ?III 
RCT  AN  OVA  Resalts 


Results  of  separate  ANOVA  tests  or.  the  variables, 
using  RCT  with  AW?  included. 


riable 

Sum  cf 
Sgu  ares 

D.F 

Sean 

Square 

F 

Sigr.if 

Leve 

UAL 

36  122.8 

88 

410.  5 

4.52 

.  0000 

TK 

1133.4 

7 

161.  9 

1.61 

.1270 

AT 

60529.4 

10 

6052.  9 

75.80 

.  0000 

WE 

4860.4 

19 

255.  8 

2.57 

.  0002 

AWE  (Y/N) 
TOTAL 

5946C.5 
289869.  8 

1 

2883 

994o0. 5 

504.90 

.0000 

Using  the  best  indicators  from  the  above  tests,  with 
reduced  number  cf  categories  due  to  size  constraints 
a  three-way  ANOVA  was  run  on  SAL  (9  specific  codes, 
clus  ether)  ,  AT  (reoair/BCM)  ,  and  AW?'  (Y/N)  . 


{fain 

Sum  cf 

D.  F 

Mean 

F 

sig 

Effects 

Squares 

Square 

Level 

All 

109192.1 

1  1 

9926.6 

157.79 

.0000 

SAL 

6041.8 

9 

671 . 3 

10.67 

.  00  00 

BCP/rec 

5256.0 

1 

5256. 0 

83.52 

.  C0GC 

AWE  (Y/N) 
Fesidual 

69947.3 

1 

69947 . 3 

1111.86 

.0000 

1  60677.8 

2872 

62.  9 

TOTAL 

289869.8 

2883 

TOTAL 

81380.2 

2  883 

23.  3 

Reccgr. izinq  the  AW?  bias,  the  same  tests  were  run 
using  the  value  SKD+RER. 


Variable 

Sum  cf 
Squares 

C.  F 

M  e  an 
Sgua  re 

F 

Sigr.if  icarc 
Level 

ffAL 

5888.8 

88 

66.  9 

2.48 

.  ocoo 

TM 

30  2.4 

7 

43.  2 

1.53 

.  1515 

AT 

3513.7 

10 

351.4 

12.96 

.0000 

WD 

595.2 

19 

31.  3 

1.  10 

.  3323 

AWE  (Y/N) 
TOTAL 

373  1.5 
81380.2 

1 

28  83 

3731.  5 

138.50 

.  0000 

Mam 

Effects 

Sum  of 
Squares 

D.F 

Mean 
Squar  ® 

F  Si 

.gnificar.ee 

Level 

All 

632  1.9 

11 

574. 7 

21. 99 

.  0^00 

MAL 

2459.1 

9 

273.  2 

10.  46 

.  DuQO 

BCS/rep 

33  2.5 

1 

332.  5 

12.  72 

.  0000 

AWE  (Y/N) 
Res iaual 
TOTAL 

1640.9 

75058.3 

31330.2 

1 

2  872 
2  883 

1640.  9 
26.  1 
23.  3 

62.  79 

.  0000 

malfunction  it  has.  There  are,  nowever,  69  diff. 
naif  urcticr.  codes  used  for  various  items  in  the  sample, 
is  not  practical  to  dafiae  a  simple  model  fcr  each  ':AL  < 
and  grouping  codes  became  too  complex  a  task  within  the 
available.  Consequently,  the  existence  or  absence  of 
which  is  the  second-best  discriminator,  was  used  to  d 
the  two  repair  processes  shown  in  Figure  3.1  . 

The  following  definitions  will  be  used  fcr  th> 
repair  processes,  modifying  Equation  3.1  : 

a)  fcr  actions  without  AW P  time: 


RCl -SKD’ rpr  ; 

RCT  -  RCl  . 


b)  fcr  actions  with  AWP  time: 


RCl'-  SKD  +  RPR; 

RCT  -  RC2+  AWP. 


(3.2) 


It  is  desirable  tc  maintain 


list!  net  ion  ds*.  w*er. 


: h e  AWP 


time  itself  and  5C2,  even  though  it  is  the  existence  cf  AWP 
that  is  used  to  differentiate  RC2  from  SCI. 

The  proposed  model  will  assume  capacity  constraints 
cn  the  repair  process,  which  would  normally  affect  only  the 
scheduling  and  repair  functions.  AW?  time  is  actually  time 
cut  of  the  process,  and  there  is  no  physical  reason  tc 
expect  a  capacity  constraint  on  the  AW?  process.  Statistics 
for  RCl  and  FC 2  are  listed  in  Table  IX  .  Part  A  shews  the 
number  of  cases,  average  SKD  +  RFR  value,  ar.d  standard  devia¬ 
tion  cf  the  SKD ♦  RPR  value  for  the  two  groups  of  maintner.ance 
actions  defined  by  the  existence  cr  absence  of  AWP.  Testing 
the  hypothesis  that  the  groups  are  from  the  same  population 
results  in  rejecting  this  hypothesis  at  the  0.901  level. 


T  ABLE  IX 

Bepair  Cycle  Values  for  the  Two  Processes 


A.  Analysis  of  the  existence  or  absence  of  ASP  time 
provides  the  following  values  for  (SKD+RPR) : 

Category  N  Sean  Stand: 


SCI:  No  AS F  time 
SC 2:  ASP  occurred 
TOTAL 


pO.CO 


Category 

SCI  (-RC 1 ,  no  ASP) 

SCI  (=RC 2  +AS  P ) 

TCTAL 

An  approximate  t-tes' 
estimates  yielded  a  va 
p=G . CO  . 


N 

Mean 

(days) 

Stand a 
Daviati 

(days 

2485 

1 . 4  4 

4 .21 

399 

4.73 

9.  19 

2  884 

1.90 

5.19 

;.ng  se 

pa  rate 

variance 

f  7.  04 

with 

425.2  d.f. 

or  abse 

nee  of 

AW?  time 

ues  for 

RCT : 

N 

Mean 

St an  da 
Dev iat  i 

2485 

1.44 

u.21 

399 

18.  45 

19.13 

2384 

3.79 

10.03 

ir.q  separate 

variance 

;f  17.64 

with 

404.2  d.f. 

2  with 

I?  and 

ASP. 

IE 

■ . C130 
(2485 
p  s  .25 


ASP 

no  ASP 


1 

1 

| 

.0189 

1 

1 

.1733  ( 

1  FC2 

(  299 ) 

(  399)  I 

p  =  . 35  3 

P  =  .3Q0  i 

Part  B  of  the  table  provides  the  same  basic  informa¬ 
tion  as  part  A,  but  includes  the  AS?  tim^  in  with  the 
SKD+RER  observations.  The  result  is  that  the  mean  and  stan¬ 
dard  deviation  for  the  observations  that  include  asp  is 
considerably  higher.  Testing  the  hypothesis  that  both  groups 
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are  from  the  same  population  is  again  rejected.  Fart  C 
provides  the  Pearson  correlation  coefficient  (R)  tast  for 
independer.es  of  SCI  and  RC2  from  IP  and  AWP.  RC 1  and  RC 2  are 
accepted  as  being  independent  from  IP,  but  testing  RC2 
results  in  rejecting  the  independence  hypothesis,  as 
expected. 

The  following  figures  illustrate  th»  breakdown  of 
RCT  into  the  decoapcsed  cycles.  Figure  3.2  provides  the 
distribution  of  repair  cycle  days  (5KD+RPR)  fer  all  actions 
in  the  selected  sample.  These  same  observations  are  plotted 
as  twe  separate  distributions,  bassd  on  AWP,  in  Figure  3.3  . 
The  plot  cf  RC 1  is  seen  to  have  a  vary  small  tail,  as 
expected.  RC2  has  «.  long  tail,  and  includes  most  cf  the 
longer  actions.  The  reduction  in  the  mean  and  standard 
deviation  cf  process  one  times  over  the  aggregate  tries  is 
the  result  cf  removing  most  cf  the  slow  moving  maintenance 
actions.  The  fact  that  the  standard  deviation  is  still  too 
high  far  the  distribution  to  be  a  true  exponential  is 
partially  due  to  a  few  very  large  numbers,  which  are 
censored  when  data  limits  are  applied.3 

Fesults  of  formally  testing  the  distributions  of  RCi 
and  PC2  with  the  Lilliefors  goedness-of-f it  *est  for  the 
null  hypothesis  that  each  is  an  exponential  distribution  are 
as  fellows:  variable  RCI  has  a  test  value  of  0.073  with  30 
degrees  cf  freedom,  which  results  in  the  conclusion  that  the 
null  hypothesis  cannot  be  rejected;  variable  RC 2  has  a  test 
value  of  0.083  with  30  d.f.,  which  also  results  in  the 
conclusion  that  the  null  hypothesis  c an not  be  rejected. 


3Althcugh  the  data  base  contains  observations  for  RCI  or 
BC2  that  are  large  compared  to  the  mean  (e.g.  10-30  days), 
there  are  also  6  observations  in  excess  of  50  days.  These 
data  ebservations  ape  not  considered  to  be  representative  of 
the  actual  underlying  reo air  process.  Observations  like 
these,  which  may  have  resulted  from  poor  data  er.trv  proce¬ 
dures,  force  the  use  cf  upper  limits  (constraints)  '  or.  the 
data  used  tc  compute  allowances. 
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Figure  3.3  Empirical  Bass  Functions  for  BC1  and  BC2 
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iSI-sSSl  TAT  limits 

Chapter  II  discussed  some  problems  of  using  TAT 
limits  but  recognized  the  need  for  seme  limit  to  be  applied. 
Analysis  of  the  sample  data  revealed  that  applying  ‘as 
sxistirg  limits  had  a  very  serious  effect  on  the  statistics 
generated  by  the  data,  particularly  for  in-process  *ime. 
The  existing  one  day  limit  reduced  the  mean  value  fer  IP 
from  0.646  days  to  0.158  days,  a  reduction  of  mere  than  75*. 
SKD,  limited  at  3  cays,  has  its  mean  value  reduced  from 
0.557  days  tc  0.339  days,  a  39^  reduction.  and  AW F  are 
similarly  reduced,  and  the  final  redaction  or.  TAT  is  from 
4.44  days  down  tc  2.74  days,  a  33.3°?  reduction.  Ev  using 
these  values  to  compute  allowances,  it  as  an  fact  amplya.ua 
that  the  next  deployment  will  have  38.  33  fewer  items  ir.  the 
repair  prccess  on  ary  given  lay  than  the  deployment  being 
used  as  a  data  base  had. 

Eecause  these  reductions  seem  quite  severe,  modified 
limits  were  developed  using  approximately  the  98th  percen¬ 
tile  of  the  empirical  distributions  for  the  various  TAT 
elements.  Table  X  presents  the  results  of  this  analysis, 
tart  A  of  the  the  table  shows  each  TAT  element,  the  axis-ana 
limit,  the  raw  (unlimited)  and  limited  average  times,  the 
number  of  observations  in  the  sample  that  were  limited,  and 
the  percentage  of  observations  limited.  Part  3  provides  -he 
same  in f cr nati cr,  but  with  revised  TAT  limits  developed 
through  analysis  of  the  sample  data.  The  result  cf  usar.a 
these  revised  TAT  limits  is  tc  reduce  TAT  from  4.44  days  tc 
3.83  days,  or  a  reduction  of  14. 4*,  which  is  much  iess 
severe.  These  modified  limits  wall  be  used  when  developing 
allowances  with  the  proposed  model,  and  their  effects  on 
both  the  existing  and  proposed  models  will  be  shown  in  the 
simulation  results.  Their  use  is  not  meant  tc  imply  that 
they  are  correct  values  for  the  aviation  3-M  system  as  a 
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91 
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.  886 

93 

(3.40) 

AWE 

20  day 

1.90 

1.  36 

93 

1  3.22 

AWE* 
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2.  74 

359 
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*AWF  average  for  the 
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t  had 

AW  P 

B.  Effect  of  new  limits  cn  sample  data. 


TAT  New 

Element  Limit 

Av  eraae 

Raw  Limited 

(days)  (days) 

Casas  af 

4 

feet  ad 

ro 

IP  6  days 

.  646 

.309 

53 

(1.64) 

SCI  12  days 

(units  without  AWP) 

1 . 44 

1.  18 

53 

of  2485 

(2.  13) 

RC 2  35  days 

(units  with  AW?) 

4 .73 

4.  45 

3 

of  3«9 

(2.01) 

AWP*  60  days 

(units  with  AW?) 

1  3.7 

13 . 5 

7 

Of  399 

(1.75) 

TAT 

4 .44 

3.  80 

120 

(4.  16) 

whole  tc  use,  but  rather  that  seme  relaxation  of  the  current 
lrmits  is  warranted. 

4.  TAT  Analysis  Summer  y 

It  has  teen  shown  that  the  TAT  elements  are  r.ct 
independent,  that  repair  cycle  time  is  not  exponential,  and 
two  independent  subprccesses  can  be  defined  based  upon  the 
existence  or  absence  of  AWP  time  that  are  acceptably 
exponential  in  distribution. 


The  existence  or  absence  or  AWP  time  is  itself  a 
condition  dependent  upon  a  number  of  factors.  The  complexity 
cf  a  malfunction,  the  inability  of  rest  equipment  or  teenri- 
ciar.s  to  isolate  the  fault,  or  the  nonavailability  of  the 
correct  repair  parts  may  cause  an  item  to  go  AWP.  No  simple 
inventory  mcdel  can  rake  ail  of  these  into  account;  the 
SPECTRUM  large  scale  simulation  system  developed  at  the 
Naval  Air  Development  Center,  Warminster,  PA,  is  probably 
the  cr.ly  system  that  encompasses  such  a  level  of  complexity. 
However,  any  allowance  development  model  cf  the  magnitude  of 
SPECTRUM  is  too  large  for  day-to-day  use.  Consequently,  the 
simple  approach  of  recognizing  the  inherent  differences 
between  repair  actions  that  cause  AS?  and  those  that  do  net 
is  the  chosen  method  for  defining  the  two  separate  repair 
processes. 

D.  THEORETICAL  BASIS  FOR  THE  PROPOSED  MODEL 
1  *  Queue  Char  act  erist ics 

The  M/M  / 1  queue  is  the  simplest  elementary  queueing 
model  which  provides  the  capability  to  examine  a  queueing 
system  as  it  approaches  saturation.  It  assumes  in  terarri  va  1 
times  are  exponential,  repair  times  are  exponential,  and 
there  is  only  one  server.  In  practical  terms,  an  IMA  may 
have  a  number  cf  test  benches  or  technicians  capable  of 
repairing  an  item,  but  other  jobs,  down  benches,  shift  work, 
etc.  may  reduce  the  effective  number  of  servers  to  one. 
Consequently,  the  physical  queue  may  display  character i st ics 
similar  to  that  cf  ar  M/M/1  system. 

The  state  diagram  (  Figure  3.4  )  provides  the  basic 
characteristics  that  will  be  used  to  compare  the  M/M/1  model 
with  the  existing  mcdel.  The  state  probabilities  are  easily 
determined  from  the  state  transition  diagram  as  fellows: 
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Figure  3. U  S/M/1  Queue  Characteristics. 
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the  probabilities  are  determined  to  be: 

it  Co)  -  1  -  p ,  0  4  f  <  i; 

and  for  r.  >  0, 

-  (/  -  p)  p  *  o  <  p 

Since  the  desired  quantity  is  the  quantity  Q  such 
that  the  probability  that  there  are  Q  or  less  in  the  system 
equals  the  safety  level  parameter  (SL)  ,  C  is  found  as 
folic  ws : 
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in  rn?  actual  situations  to  bs  racaeilea,  ncwever, 
the  population  is  finite,  though  generally  large  with 
respect  to  the  number  in  an  unsaturated  queue.  This  situ¬ 
ation  is  mere  formally  referred  tc  as  a  H/M/1//K  system, 
indicating  that  the  arrival  rate,  service  rate,  and  single 
server  assumptions  cf  the  M/M/1  queueing  model  held,  but 
with  the  additional  specification  that  there  are  only  K 
units  that  may  fail  and  enter  the  system  for  repair.  This 
system  has  been  analyzed  separately  from  the  M/M/1  model  in 
available  literature,  ar.d  the  formulae  for  the  expected 
number  in  the  system  as  approaches  or  exceeds  unity  are 
quite  different.  The  formulae  provided  in  Figure  3.4  were 
obtained  from  Morse  [Ref.  15:  p.  18],  and  are  as  follows: 
let  P  =  number  in  the  repair  system,  and 
K  =  number  in  the  population. 

Then 

C  <’<<v 

P  <(  V 


K-~ 


(3.4) 


The  formula  for  p«i,  f>  *  ^  •  is  a  second  order  approxima¬ 
tion  for  the  steady  stats  formula  used  in  the  infinite 
approximation  case.  The  formulae  for  approaching  or 
exceeding  one  are  significantly  different.  The  number  of 
items  that  can  fail  in  the  infinite  population  case  is 
assumed  to  be  infinite  regardless  of  the  number  cf  items 
that  have  already  failed,  and  the  arrival  rate  is  constant. 
With  a  finite  population,  however,  the  number  cf  items  that 
can  fail  decreases  as  the  number  in  tns  repair  system  grows 
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and  the  number  in  the  system  can  never  exceed  the  population 
size  K.  Consequently,  the  steady  state  formula  for  p  =1 
solves  as  P=K/2,  and  the  limit  as  p  — > oo  is  P=K.  The  nature 
cf  the  system  to  which  the  model  is  being  applied,  priiarily 
air  stations  and  aircraft  carriers,  makes  the  finite  pcpula- 
tion  model  considerably  more  appropriate  than  the  infinite 
population  model. 

Cr.e  additional  comment  about  applying  this  model  to 
Naval  Aviation  activities  is  appropriate  at  this  point.  It 
has  been  assumed  that  the  service  rate  is  constant;  in  prac¬ 
tice  it  will  vary  somewhat  with  the  number  of  units  awaiting 
service.  Seme  units  experience  improved  repair  razes  as  the 
number  cf  backlogged  units  increase  because  cf  priority 
repair.  Seme  items  requiring  piece-parts  observe  shorter  AWP 
times  when  cr css-cannibalization  witn  items  already  AW? 
occurs.  There  is  ir  fact  a  degree  cf  extra  repair  capacity 
that  becomes  apparent  during  high  demand  periods,  keeping 
tna  system  below  saturation  unless  it  is  physically  not 
possible  to  improve  service  times  (as  seems  to  be  the  case 
with  VASI) .  Regardless,  the  point  made  earlier  in  the  CAEAL 
study,  fief.  11:  p.3€],  that  either  time  must  be  provided  to 
werk  off  the  backlog  or  readiness  degradation  will  result 
must  be  taken  to  heart  by  these  who  design  the  system,  ar.d 
by  those  in  command. 

The  RANGER  data  base  obtained  for  analysis  did  r.o- 
inciude  the  populations  of  the  items  that  failed.  From  expe¬ 
rience,  it  is  known  that  the  populations  may  range  from  as 
few  as  four,  f  cr  an  3-2C  specific  item,  to  mere  than  a 
hundred  in  the  case  where  there  are  multiple  installations 
on  different  aircraft  types.  Consequently,  attempting  tc 
estimate  K  for  the  different  items  being  studied  was  not 
considered  feasible.  Additionally,  the  exact  numbers  and 
configurations  for  some  weapons  systems  are  classified 
information.  In  order  to  perform  the  simulation  desired  to 
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The  buildup  rate  approximation  was  presented  in 
Newell  [Hef.  14],  and  obtains  a  solution  for  a  transient 
state  by  estimating  the  rate  of  buildup  of  the  queue  rn  an 
infinite  population.  His  formula  was  adapted  as  follows: 
let 

=  service  rate; 

X  *  demand  rate,  with  X  >  yu.  (  p  >  1)  ; 

T  =  expected  time  in  system; 

Po  =  expected  number  i t  the  queue  at  time  0, 
prior  *o  saturation, 

*  X  T; 

3  ( t ' )  *  Exnected  backlca  increase  during  (0,t') 

-  (  A'-/*- )  x  t  1  ; 

Q3  (t ' )  *  the  number  for  which  the  value  cf  the 
CDF  of  a  Pcissor.  distribution  wi-h  mean 
B  (t • )  is  closest  to  tie  required  safety 
(SL)  ;  and 

Q(t')  =  number  in  the  queue  at  time 
Then 

QCO  =  P„  *  QBU‘)  (3.5) 

This  expression  for  the  buildup  rate  is  only  a 
first-order  approximation  in  the  case  of  a  finite  population 
because  the  observed  demand  rate  from  such  a  population  will 
decrease  as  the  number  cf  items  from  the  population  waiting 
in  the  queue  grows.  The  failure  rate  per  unit  may  remain 


71 


constant,  but  the  number  of  RFI  units  will  steadily 
decrease,  thus  lowering  the  observed  demand  rate. 

The  second  approximation  was  adapted  from  the 
buildup  approximation  to  allow  for  computation  cf  allowances 
in  the  region  ( 1-  6,  1  J  ,  <5  small)  .  In  this  region  the 

buildup  approximation  is  not  applicable  because  there  is  no 
buildup  expected:  A^ fj.  .  The  finite  population  approximation 
cf  the  number  in  the  repair  system  for  small  £>,  P=  p  ♦  , 

grows  steadily  worse  asp  approaches  one  because  third 
order  and  higher  terms  become  significant.  As  previously 
stated,  the  expected  number  in  a  system  with  an  infinite 
population  increases  without  bound  as  p  approaches  unity. 
The  finite  population  approximations  for  p  close  to  one 
would  provide  values  close  to  K/2,  but  the  value  of  K  is  not 
available.  There  is  a  need  during  simulation,  however,  to 
establish  allowances  for  a  few  items  which  have  c  just  less 
than  ere.  Consequently  ,  the  following  simple  approximation 
for  the  number  in  the  system  was  developed. 

In  theory,  ar  inventory  model  attempts  to  provide  an 
allowance  quantity  by  estimating  the  distribution  of  the 
number  of  units  ir.  the  repair  system,  then  finding  a  quan¬ 
tity  such  that  the  value  of  the  CDF  at  that  quantity  is 
equal  to  the  safety  level.  The  approximation  chosen  for  p 
in  the  interval  (1-5,  ij  (5  small)  was  to  assume  the  number 
cf  denands  during  a  transient  interval  were  Poisson  with 
rate  A,  but  that  repairs  were  deterministic  with  rate  fL  . 
The  following  formula  was  actually  applied: 
let 

T  =  mean  experienced  process  time; 

t‘  =  length  cf  endurance  period; 

Pc  =  fche  expected  number  in  -he  svstem  at  time  0, 

*  A  x  T  ; 

SL  =  desired  safety  level; 

A  x  t*  a  expected  number  of  demands  in  (0,t'); 
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QL  (t*) 


=  the  number  for  which  -he  value  cf  -the 
CDF  of  a  Ecisson  distribution  with  rate 
X  x  t'  is  closest  to  SL; 

ER  ( t  * )  »  expected  number  cf  retains  in  (0,t'), 

*  t';  and 

Q(t')  =  desired  allowance. 

Then 

Q(*')  ^  Po  *  QL(i')  -  ER  C<') . 

Equation  3.6  will  be  referred  to  as  the  deterministic  repair 
approximation,  and  the  quantify  Q(t*)  will  be  used  as  the 
allowance  when  the  following  conditions  are  met: 

a)  p  <  1, 

b)  CL(t')  >  SB  (f)  ,  and 

c)  C(t')  <  p/  (1-p)  • 

The  use  cf  X x  T  as  the  expected  number  in  the  system  at 
time  0  is  straightforward;  it  is  the  number  expected  rc  be 
in  the  system  at  any  given  time.  Arrivals  are  a  Poisson 
process,  so  the  number  of  arrivals  in  tae  period  (0,f)  is 
distributed  as  a  Pcisscn  random  variable.  Assuming  repairs 
to  be  deterministic  allows  the  expected  number  of  repairs  in 
(0,t*)  to  be  computed  simply  as  fL  x  t',  with  the  under¬ 
standing  that  there  is  always  something  in  the  system  to  be 
repaired.  When  p  is  greater  than  one,  the  buildup 
appr cximaticn  is  used. 

E.  A  CAEACITATED  HOEEL 

The  inventory  model  proposed  for  use  with  naval  aviation 
repairable  items  is  provided  in  Figure  3.5  .  The  fciicwinu 
provides  a  detailed  Iccfc  at  how  an  allowance  car.  be  computed 
with  it. 
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administrative  processing,  measured  by  I?. 

(2)  A  numoer  (NR 1  ♦  NB1)  of  these  units  enter 
repair  process  or.e,  and  are  served  with 
the  average  RC 1  time. 

(3)  The  remaining  units  ( NR2  ♦  NB2)  enter 
crocess  two.  are  served  m  the  reoair 
facility  with  average  time  RC1  ,  and  spend 
an  average  time  AW?  awaiting  parts. 

(4)  Upon  completion  cf  the  appropriate  main¬ 
tenance  actions,  most  cf  the  units  leave 
the  repair  cvc.ee  ready-for-issu-  (RFI), 
and  are  returned  to  inventory  (Nal  *  NR2). 

(5)  A  Dercentage  of  the  items  that  leave  the 

repair  process  (N31  ♦  N32)  are  declared 
beyond  the  caoability  of  the  local  ISA 
facility  to  repair  (  BCM  ),  and  are 

returned  to  the  wholesale  system.  An  RFI 
unit  is  sent  to  the  activity  from  the 
wholesale  system,  and  put  in  inventory. 


Figure  3.5  The  Proposed  iodel  (Operational). 
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•  Appjicat  ion  cf  t  he  M/K/1  Model 

Application  cf  the  M/M/1  queue  model  no  the  avail¬ 
able  data  necessitates  malting  some  assumptions  and 
manipulating  the  equations  listed  in  Figure  3.4  .  Available 
data  provide  the  information  needed  to  compute  the  process 
rates  as  follows: 

a)  Demand  rate  (A)  : 
let 

NR  1  =  number  cf  repairs  without  AW?; 

NE 1  =  number  cf  BCM* s  without  AWP; 

NR2  =  number  cf  repairs  with  AWP; 

NE2  =  number  cf  BCM*  s  with  AWP;  and 
t  -  length  cf  data  collection  period. 

Then 

process  one  demands  =  A,  =  (N31  ♦  NRl)/t; 

process  two  demands  =  A-^.  =  (»32  +  MR2)/t; 

total  demand  =  A  =  Xv 

b)  Service  rate  (yu)  :  average  time  in  the  system  in  known 
from  the  TAT  data  base,  allowing  the  service  rate  to  be 
computed.  The  subscripted  variables  (/*:.,  ^  r ,  Ti)  stand 
for  the  appropriate  variable  in  either  process  one  or 
two: 

Ti  =  1/  (/*i-  ; 

SC  . 

/‘i  =  M  ♦  1/Ti. 

c)  Traffic  intensity  (^)  is  obtained  directly  from: 

P  i  =  A  i  / i . 

Once  tte  forecast  fcr  the  demand  and  service  rate  has  been 
determined,  the  allowance  for  the  repair  process  is  computed 
as  fellows: 

a)  Compute  the  quantities  QLi(t')  (the  SL  percentile  of 
the  number  cf  demands  to  be  received  in  (0,t')  ,  where 
t*  is  the  endurance  period),  and  ERi(t')  (the  expected 
number  of  repairs  in  (0,t*)  ./V.M. 


b)  Compute  the  allowance  from  one  of  the  following  three 
cases. 

1)  If  Pi<  1,  and  QLi(t*)<  ERi(t')»  use  the  infinite 
population  formula  (Equation  3.3): 


Q  c  = 


JUnC  i- iu ) 


JUi 


1  . 


(3.7) 


2)  If  ^i<  1,  CLi(f')  >  SRi  (o' )  »  use  the  deter mir.istic 
repair  approximation  (Equation  3.6): 


Qj*')--  (K  T>) 


QLt  (<’,)'  ERC(<’) 


(3.3) 


3)  If  fi>  1, 
3.5)  : 
let 
Bi  <t  •) 

QBi  ( t * ) 


use  the  buildup  approximation  (Equation 


=  expected  queue  buildup  in  (0,t') 

=  (Ai-/*i)  x  t ' ; 

=  the  number  for  which  the  value  c£  the 
CD?  of  a  Poisson  distribution  with 
rate  Bi(t')  is  closest  to  SL;  and 


Qi(<’)=  A.Tt  *  QQ.  C*-) 


(3.9) 


These  equations  allow  the  proposed  model  to  be  used  in  the 
simulation  despite  the  lack  of  population  size  information 
for  the  sample  items. 

2.  Allowance  Co  input  at  ion  ?r  ocedur  e 

Data  needed  tc  compute  an  allowance  with  this  model 
is  essentially  the  same  as  the  data  needed  for  the  Poisson 
model,  but  must  be  analyzed  differently.  The  steps  are  as 
follows: 


T* 
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a  p  3 1  v  TAT 


a)  Gather  information  from  the  3-M  data  base; 
element  limits  where  appropriate. 

b)  Compute  the  following  quantities; 

1)  NR1  -  number  of  repairs  without  AM  F ; 

2)  NB1  -  number  of  ECM' s  without  AMP; 

3)  NR2  -  number  of  repairs  with  AMP; 

4)  NB2  -  number  of  BCM's  with  AMP; 

5)  Z  (I  P )  -  expected  value  of  adorn  (in-prccess) 

time ; 

6)  Z  (RC 1 )  -  expected  value  of  SKD  ♦  RPR  time  fcr  all 
actions  which  had  no  A  HP  (NR  1  ♦  N!3  1)  ; 

7)  E  (RC  2)  -  expected  value  of  SKD  ♦  RFR  time  fcr  all 
actions  that  had  AMP  time  (NR 2  ♦  NB2); 

8)  E  (AMP)  -  expected  value  cf  AMP  for  those  items 
that  had  AMP  (NR  2  +  NB2)  ; 

9)  Z  (051)  -  expected  value  of  off-station  order  and 

shipping  trme  for  items  BCa'd  (NE1  +  NB2)  ; 

1C)  t  -  time  period  over  which  the  data  was  gathered; 

11)  FH  -  flying  hours  for  the  data  period  t;  ar.d 

12)  FH'  -  flyir.g  hour  forecast. 

c)  Compute  the  flying  hour  forecast  factor  (?)  , 

r  =  (FH'/t  •)  /  (Ftt/t)  . 

d)  Compute  the  demand  rates: 

X,  =  (NB1  +  NR  1)  /  t; 

X*.  *  (N 32  ♦  NR2)  /  t;  and 

\  •  \  +  Xt. 

e)  Compute  the  uncapacita ted  pipeline  quantity. 

1)  Administrative  pipeline  forecast  (PA')  : 

FA'  =  F  x  \  x  E  (IP)/t. 

2)  Awaiting  parts  pipeline  forecast  (FP')  ; 

FP’  =  F  x  X  E  (AM?)  /t. 

3)  Mholesale  resupply  pipeline  forecast  (PM*)  : 

PM’  *  F  X  ( N B 1  ♦  N32)  X  E(CST) /•*■.. 

4)  Total  un capacit  ated  pipeline  forecast  (PT'); 

FT'  =  PA  '  ♦  ?P*  ♦  PH' 
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f)  Provide  Poisscn  protection  to  ?T ' ,  at  the  specified 
safety  level,  as  was  done  in  Equation  2.4  The  resulting 
quantity  is  QP. 

g)  Compute  the  quantity  expected  to  be  in  repair  process 
one. 

1)  Compute  repair  rate  (yu,): 

/*■>  =  X,  ♦  1/E  (RC1 )  . 

2)  Project  future  traffic  intensity  (  )  as: 

P  ’  *  ?  *  X-  'h  * 

3)  Project  the  protected  numoer  of  demands  in  (0,t*) 

and  the  expected  number  of  repairs: 

QLI(t')  =  the  SLth  percentile  of  th«  CEF  of 
a  Poisson*  distribution  with  rate 
F  x  A ,  x  t ' ;  ar.d 

2E  1  (t  •  )  *  h  *  f  *  • 

4)  If  p,  •<  1,  and  Qll(t')  <  ESI(t'),  solve  for  the 
number  in  repair  process  one  (Ql)  to  the  desired 
safety  level  (SL  1)  by  usrng  Equation  3."*: 

Ql  =  In  ( 1-SL 1 )  /I  n  (  (V)  -  1, 

with  the  requirement  that  Ql  >  0. 

5)  If  e.  •<  1#  and  S  F.  1  ( t ' )  <  QL1  (t  *)  ,  use  the  deter¬ 
ministic  repair  approximation  provided  in 
Equation  3.8: 

Ql(t')  =  PO  ♦  QLI(t')  -  251  (“.')• 

6)  If  p  *  >  1,  use  the  approxi. matron  provided  in 

Equation  3.9: 

B1  (f)  =  (  A-^,)  X  f; 

QBI(t')  =  the  number  for  which  value  of 

the  CDF  of  a  Poisson  distribution 
with  rate  Bl(t')  is  closest  tc  SIi; 
a  na 

Po  =  F  x  A,  x  T; 


Ql(f  •)  =*  PC  ♦  Q31 


'  o r~  -  • 


a)  Repeat  step  g  above  using  the  appropriate  variables  for 
process  two  to  compute  the  repair  process  two  allowance 

<Q2)  . 

i)  The  final  allowance  is  the  sum  of  the  individual  allow¬ 
ances  (C)  ,  plus  the  allowed  operating  level  (OL)  of 
cne . 

1)  If  neither  the  buildup  approximation  r or  the 
deterministic  repair  approximation  had  tc  be  used 
ir.  computing  the  allowances  for  processes  cr.e  and 
two,  the  final  allowance  (QT)  is  a  steady  state 
allowance,  and  is  computed  as  follows: 

let 

CS  =  Q1  +  Q2  ♦  QF; 
t  h  en 

QT  =  QS  +  OL. 

2)  If  either  cf  the  repair  processes  used  one  of  the 
approximations,  then  the  steady  state  allowance  is 
net  available.  The  allowance  for  the  endurance 
period  is: 

let 

CS  <*  ')  =  $Q1  <t*  )  or  Q1  l  ♦  £ Q  2  ( t ' )  or  Q2\  *  QS; 


then 


QT(t’)  =  QS  (t ' )  +  CL. 


3  .  C  cm  c  ut  in  a  *  h  e  Sa  fet  y  Level 

The  proposed  model  requires  that  safe4--/  lev<=i  param¬ 
eters  be  established  for  the  uncapacitated  (admin,  \*iP,  and 
wholesale  resupply)  pipeline,  repair  process  cne,  and  retain 
process  two.  There  are  numerous  ways  to  combine  the  three 
safety  level  settings  to  provide  an  overall  safety  level 
eaual  tc  the  specified  safety  level.  The  simplest  method 
would  be  tc  let  all  three  equal  the  specified  level,  but 
flexibility  in  varying  the  safety  level  settings  for  the  two 


repair  processes  is  extremely  desirable.  Co nse qu er.t  1 

safety  level  parameter  for  the  admin.  Art ? ,  anc  wholesale 
resupply  pipeline  is  set  at  the  specified  safety  level,  and 
the  safety  levels  fcr  the  two  repair  processes  are  combined 
to  meet  the  specified  safety  level  based  or.  the  total  number 
cf  days  that  items  had  actually  been  in  each  process  during 
the  da*a  collection  period.  The  number  ir.  the  repair 
process  is  the  product  of  the  demand  rate  and  the  average- 
time  ir.  the  process.  Therefore, 
let 


SL 

3 

specified  safety  1 

e  vel; 

S  L  1 

3 

process  one  safety 

level ; 

SL  2 

3 

process  two  safety 

le ve 1 ; 

PI 

— 

average  number  in 

process  one 

3 

A,  x  2  (SCI)  ;  and 

P  2 

i  ii 

average  number  in 

\  ir  9  t  D  (-0  1 

process  two 

Then  the  following  relationship  must  be  satisfied: 
SL  ( Pi*  P2)  -  S LI  PI  *  SLZ  PI. 


(3.  id) 


SL  is  set  by  higher  authority  and  ?1  and  ?2  are  cbta 
from  the  data  base;  to  specify  SL1  or  SL2  before  the  r. 
allowances  may  fce  computed.  Fcr  computation  pu. poses, 
will  te  fixed  at  0.90. 

It  was  found  in  tests  cf  sample  items  tha*  re*- 
SL  1  at  about  0.97  or  0.98  generally  gave  the  best  result: 
terms  cf  overall  protection.  It  was  necessary  to  modify  ■ 
in  cases  where  the  linear  relationship  established 
Equation  3.10  could  net  hold.  There  were  a  few  i*em~ 
which  no  maintenance  action  resulted  in  AW?  time;  the  sa- 
level  was  set  tc  0.90  in  these  cases. 


the 
data 
tat  c 
a) 


b) 


u.  An  Exaa£le  c:  the  P  .coos  ad  Model 


The  foilcwi  r.g  example  should  help  he  demonstrate  h 


model  works  in  computing  an  allowance.  The  same  has 
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7 

4 
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37 

Peta 

ir 

10 

c 

5 

3 

8 

SF  2 

-  3 

u  nit 

Compute  the  follow! 

ng  from  -he  d 

used)  : 

Ac -ion 

Var  Total  { 

A  d  a  i  n  i  st  r  a  ti  ve 

IP  9 

Process  one 

PCI  2  3 

Process  two 

RC2  2  9 

Awaiting  parts 

A  w  P  6  3 

Crder  and  shin 

OST 

Data  period 

h  9  0 

Forecast  period 

t  •  6  0 

Flying  hours 

?H  1453 

Forecast  flying 

FH*  1730 

hours 

Compute  the  forecas 

t  factor  (F)  : 

-  13  1 


no  u: 


1.  7  55  . 


dear. 


■) 

7 

17 

2b 
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F 

F 

F 


oorjjvON 


a)  Ccntpute  the  demand  rat es: 

\  =  (5D1+NR1)  /t , 

\,  =  m/90  =  G.10  amts/iay. 

Xi.  =  (1122+  N!<2)  /-. , 

\u  =  4/90  =  0.0444  unirs/day. 

X  —  X,  +  A*.  , 

X  =  0.  144  4  cnits/day. 

e)  Ccicur?  the  uncapscita  tec  pipeline  diiowar.cs:. 

1)  Admin  pipeline  forecast  (FA'): 


'  =  F  x  \  x  E(I?)  /  t, 

=  1.755  X  .1444  X  .  o  9  2 , 


-  0.17:5  units. 

2)  Awaiting  parts  pipeline  forecast  (P?*): 

??'  =  F  x  X  E  (AW?)  , 

=  1.7  5:5  X  .  044  4  x  17.0, 

=  1.  3  25  units. 

3)  Wholesale  resupply  pipeline  forecast  (FW)  : 

PW  •  =  F  X  { (N  E 1 +N3  2 ) /t )  X  E  (CST)  , 

=  1.755  x  (3/90  x  25, 

=  1.52  1  units. 

4)  provide  Pcisscr.  protection  for  this  pipeline: 

•  s  111  OC»  +  P'J« 

=  1 17  5  ♦*  i.  325  ♦  \ . 521, 

=  3.02  1  units. 

Poisson  or  cm  bill  ties  for  a  near,  of  3.021  are: 


ofJiW 

0.  147  3 
0. 2225 
0.  2240 
0. 1692 
0. 1022 
0. 0515 
0. 0222 
0. 0064 


0.  jui<? 

0.  I96  0 
0. 4165 
0. 6425 
0.3117 
0.4140* 
0 .  96  5  4 
C. 0376 
0.  996  0 


*  t  =  5  provides  pic 


0.90, 


Q F  -  5  u nits . 

f)  Compute  the  quantity  expected  to  be  in  repair  prices: 


1)  Compute  repair  rate  (/*,)’. 

A  =  *  1/5(RCTL. 

=  .10*  (  .  1/2.  W  , 


0. 55  units/day. 


♦  ?  v- 


g> 


2)  Ccnput€  the  expected 
ER1  (f)  =  /*.x 


umber  of  repairs  in  (0, 


SHI  (9  G) 


.55  x 
49 . 50 


90, 

units . 


3)  Compute  the  protected  number  of  demands 
let 


(0 


SL1  =  0.98  ; 

t  h  en 

QLI(t')  =  98th  percentile  of  the  CDF 
Poisson  (F  x  A,  x  t')  distr 


F  A,  •  t  •  = 

1 . 

.75  5  x  .  10  x 

90, 

15.795  unit 

c:  • 

•-  t 

tr.  ere  fere 

QI1  (90) 

S 

24  units. 

Project  futu 

traffic  ire 

ensity  (  p,  •  > 

?'  ' 

= 

?  x  X,  /  fx. 

9 

1.  755  x  .10 

/  .55, 

0.319  . 

5)  Solve  for  the  protected  number  in  repair  croc 
c  re. 

^>,<1,  and  EF1  ( 90)  >  QL1(90),  therefore  com  pur 


Cl  = 

(In  (1  -  SL  1 )  /In  (p,  )  )  -  1, 

= 

iln(.021/ln 
42  units. 

(.319)  1  -  1, 

!e  for 

S  12 : 

PI  = 

X.  x  S(RC1)  , 

- 

0.2  22  units; 

?  2  = 

A*.  X  2(RC2,  , 

= 

0.  3  22  units; 

and 

SL  X 

(P1+P2)  = 

SL  1  X  ?  1  ♦ 

SL  2  x  P  2 , 

.90 

X  .544  = 

.  98  x  .  222 

♦  SL2  X  .322, 

SL2  = 

0. 845  . 

33 


uC) 


h)  Repeat  the  above  using  the  appropriate  variables  for 


process  two: 


H-t-  =  ♦  1/E  (RC  2)  , 

=  .0444  ♦  1/7.20, 

=  0.182  units /day. 

EF2(f)  =  /utt*. 


E  R  2  (9  0  )  =  .  18  2  x  90, 

=  16.38  units; 

(t'l  »  P  K  t'  ; 


B  2  (90 )  =  1.755  x  .0444  x  90  , 

=  7.013  units; 

Q I.  (90)  =  84.5th  percentile  cf  the 
CD?  of  Poisson  (7.0  13)  , 

=  9  units; 

p-i.  '  =  F  x  /fir.  , 

=  1.  755  X  .  0444/.  182, 

=  0.  4  28;  and 

(>*-'<  1,  and  ER2  (90)  >  QL2(90),  so  find  Q2  as: 

Q  2  =  (In  (1  -  SL2)  /In  (  ) )  -  1, 

=  Jin  1 1  -.  845) /In  (.  428)  )  -  1  , 

=  T. 2  0  units. 

i)  compute  the  final  allowance  (QT)  as: 

Q£  =  01  ♦  Q2  ♦  CP, 

=  5  ♦  2.42  ♦  1  .20  , 

=  3.6  2  =>  9  units;  and 

QT  =  QS  +  OL, 

=  9+1, 

=  10  units. 

Table  XI  provides  a  summary  of  the  values  computed 
by  this  acdel  versus  the  HIT 5 TOP  levels.  C cm  par: sens 
between  the  RISAIR  model  and  the  proposed  model  will  be 
provided  in  Chapter  IV. 


T  ABLE  XI 

BIHSTOP  -  Proposed  Hodel  Allowances 


aiMSTOF  Model  Example 

Lev«=l  Expression  Quantity 


Repair  cycle 
Administrative 
Frccess  one 
Process  two 
Awaiting  parts 

Order  and 
shipping  time 

Total  pipeline 
t  o  r  e  ca  s  t 

Protected 

allowances 


Total  protected 
quantity  (rounded) 

Safety  Level 

Operating  Level 

Final  allowance 


2.72 


PA' 

o.  ie 

PI* 

0.47 

P2* 

0.75 

?P» 

1.33 

PW* 

1.52 

P  1 

4. 24 

Q1 

2.42 

Q2 

1 . 20 

QP 

5 

CS 

q 

QS-P* 

4. 76 

OL 

1.00 

QT  10 


IT.  COMP A  KING  TBS  BODSLS 

A.  QUEUE  CH AS  AC TER  I STIC S 

1 .  Theory ti cal  C iff erences 

The  M/M/oo  queueing  modal,  which  is  the  ^t heoz atical 
basis  fcr  the  RIMAIR  allowance  computation  model,  and  the 
M/M/1  queueing  model,  which  underlies  the  repair  process 
allowance  computation  in  the  proposed  model,  were  presented 
separately  in  Chapters  II  and  III,  respectively.  Figure  4.1 
summarizes  their  characteristics.  The  M/M/1  queueing  model 
is  distinguished  from  the  M/M/oo  model  by  the  limit  that 
exists  on  its  service  capacity.  The  assumption  cf  a  single 
server  introduces  the  possibility  that  a  unit  entering  the 
system  will  find  the  server  busy,  and  therefore  m jst  wait 


for  service. 

Use  of  th 

e  M/M/oo 

model  presumes  that  t 

h  sre 

will  always 

be  an  empty 

server, 

implying  that  waiting 

t  ime 

will  be  zerc 

• 

The 

difference 

becomes 

most  apparent  wner. 

the 

demand  rate 

approaches 

or  exceed 

s  the  service  rate. 

Even 

under  these  conditions,  there  is  still  no  waiting  time  expe¬ 
rienced  in  the  M/M/oo  system;  whereas  the  number  of  units 
awaiting  service  in  the  M/M/1  system  grows  significantly. 
When  the  demand  rate  exceeds  the  service  rate,  the  M/M/1 
system  becomes  saturated  and  the  only  bound  that  exists  on 
the  number  awaiting  service  in  the  system  is  tne  number  in 
the  population  itself. 

This  basic  difference  brings  about  every  ether 
difference  between  the  systems.  For  the  same  traffic  inten¬ 
sity  p,  the  number  expected  to  be  in  the  M/M/1  system  is 
higher  because  cf  the  presence  cf  units  waiting  for  service. 
Fcr  the  same  reason,  the  total  time  that  a  unit  is  expected 
to  be  in  the  M/M/1  system  is  higher. 
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Parameter  Assumptions 

Symbol  Name  M/M/oo  M/M/1 

\ 

Arrival  Independent  a 
rate  Constant  rate 

Expone  ntial 
in  ter  arrival 

rri vals 

times 

Same 

Same 

Same 

A 

Service  txponential 
rate  service  times, 

identical  for 
each  server 

Each  service  is 
in  dep  er.de  nt 

Ex  toner,  rial 
service  times 
single  server 

Same 

e 

Traffic  P  =  V* 

intensity  * 

e  -  V 

p 

Mean  #  in  ?  -  P 

system 
( o  i  te  1  i  r.  s 
du  ant  itv)  , 
inririte 
populat  icn 

0  <Q  <  1 

?  =  p/  o-?) 

e  *  1 
e  >  1 

?  undefined 

?  -»  oo 

finite 

p«i 

p  =  e  ♦  <?1 

population  K 

p  — >  i 

F  *  K/2+ 

K(K+2)  (p-  1)  /  12 

p»  i 

?  -»  K  -  1/f 

T 

Mean  time  T  «  ?/\  = 

in  system 

vp 

T  =  1/(jU.-X) 

M 

Mean  wait  W  =  0 

time 

«  =  t  -  i/ja. 

T  (n) 

Frob  of.  TNnj.e'V 

oeir.g  ir  1  ‘  — l 

st  ate  n  ,  ^9 

infinite  pop 

?  ^ 1 

(tra  csient) 

Prob 

of  teinc  in 
state  n 
finite  pop  K 

e  ^  i 

9  *  1 

ir(n>  =  (l-fl 

*  i, 

Figure  4.1  Queue  Characteristics,  fl/H/oo  vs  M/M/1. 
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Cif  ferences  in  A  ppllcatior. 

Application  of  the  data  base  to  both  models  starts 
with  the  same  information:  demands  per  unit  t  im°  and  average 
service  time.  The  major  difference  in  the  models  shows  up 
in  the  computation  of  the  service  rate,  fi.  Ir.  the  M/M/oo 
model,  the  service  rate  is  the  reciprocal  of  the  average 
service  time  (P  =  1/T)  ,  which  is  also  the  mean  time  ir.  the 
system.  In  the  M/M/1  model,  however,  the  mean  time  ir  the 
system  is  the  reciprocal  of  the  difference  between  the 
service  rate  and  the  arrival  rate,  (P  =  1/(ji-A  )).  This 
expression  is  valid  only  when  the  service  rate  exceeds  the 
demand  rate.  In  order  to  compute  allowances,  therefore,  it 
is  necessary  to  assume  that  on  the  average  tne  system  is  not 
saturated  over  t  (the  data  collection  period)  .  This  allows 
the  service  rate  to  te  computed  as  fi=\+  1/T ,  and  the  actual 
service  rat*  used  ir  the  M/M/1  model  will  be  higher  than 
that  in  the  M/M/oo  scdei  given  the  same  values  fcr  demand 
rats  (>)  and  average  time  in  the  system  (T)  .  Consequently, 
the  traffic  intensity  p  is  lower  in  the  M/M/1  formulation, 
and  the  assumption  that  the  system  is  not  saturated  durir.a 
the  demand  period  leads  to  a  traffic  intensity  value  (p) 
that  is  less  than  one.  By  contrast,  the  p  value  in.  the 
M/M/oo  queue  can  assume  any  value  because  the  queue  cannot 
become  saturated. 

The  fact  that  both  models  assume  that  average  past 
experience  did  net  result  in  saturation  is  a  key  point.  If 
a  model  is  developed  without  knowing  any  more  atcut  the 
service  facility  than  the  fact  that  it  had  never  been  satu¬ 
rated,  a  modeller  would  be  hard  pressed  to  decide  cn  the 
appropriate  model;  beth  of  the  queueing  models  detailed  here 
could  be  used.  The  key  difference  between  the  twe  models 
lies  in  the  ability  tc  forecast  the  effects  of  future  demand 
increases.  Use  of  the  M/M/oo  model  in  forecasting  implies  a 
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belief  that  the  system  wi  11  a  ever  become  saturate'..  r.c 
matter  hew  much  demand  increases;  use  of  the  B/:i/1  model 
allows  fer  the  possibility  that  the  system  can  beccm_r  satu¬ 
rated  if  demand  increases  sufficiently.  It  was  belief  ir. 
this  latter  condition,  limited  repair  capacity,  that  led  tc 
the  development  of  the  proposed  model. 

3.  Thecret ical  fillowan  ce  Comparison 

The  allowances  that  would  be  calculated  by  each 
theoretical  model,  given  the  appropriate  traffic  intensity 
(cr  pipeline  quantity)  and  protection  level  are  provided  in 
Tables  XII  and  XIII  .  (Table  XII  was  computed  by  listing 
the  allowance  quantity  that  is  closest  tc  the  specified  SL.) 
The  differences  generated  ir.  an  infinite  population  queueing 
situaticn  by  the  underlying  theoretical  models  are  worth 
noting. 

The  situation  in  whicn  there  is  r.o  forecast  demand 
increase  is  considered  first.  In  this  situation,  both  ncdels 
use  the  same  pipeline  quantity  computed  as  P  =  A  T ,  as 
explained  ir.  the  previous  section.  Table  XII  indicates  that 
the  M/B/1  model  will  generate  an  allowance  cf  4  units  if  the 
pipeline  quantity  is  1.5  unrts  (traffic  intensity  9.60)  and 
the  protection  level  is  0.90.  By  comparison,  Table  XIII 
shows  that  the  VB/oo  model  will  generate  an  allowance  of 
only  2  units  when  the  same  pipeline  quantity  and  protection 
level  is  used. 

If  the  forecast  factor  (?)  is  used  to  anticipate 
increased  demand,  then  the  difference  between  the  allowances 
computed  by  the  models  becomes  larger.  If  F=1.33,  the 
allowance  computed  by  the  M/H/1  model  given  the  input  data 
from  the  previous  example  would  oe  9  units:  the  forecast 
traffic  intensity  would  be  0.80  (1.  33  x  0.60),  which  leads 
to  an  average  pipeline  quantity  of  4  units,  and  a  protected 
quantity  cf  9.  The  fl/VOo  model  allowance  would  not  increase 
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Model  Allowances 


at  all:  the  0-90  Drotection  level  allowance  ter  - 


intensity  cf  2.  00  (1  -33  x  1  -5)  is  still  3  units.  1:  v.  --feet 
of  having  adequately  many  servers  is  quite  substantial; 
assuming  that  units  will  not  have  to  wait  ter  servrea  will 
cause  allowances  to  be  significantly  lower  than  • c  only  a 
single  server  is  available. 

4.  Apg lied  Allowance  Differences 

The  RIMAIR  and  tne  proposed  model  allowance  computa¬ 
tion  procedures  can  be  directly  compared  if  *-ue  fcllowioo 
conditions  are  met: 


a.  all  actions  are  repairs  without  AtfP, 

b.  none  cf  the  TAT  observations  is  limited, 

c.  the  average  IP  value  is  0.3, 

d.  the  demand  rate  (,\)  is  specified,  and 

e.  the  M/M/ 1  system  is  r.ot  saturated. 

In  ether  words,  direct  comparison  can  be  na  ie  only  if  the 
data  provide  the  same  SKD+RPR  times  after  the  differing  I AT 
element  limits  are  applied,  and  all  otner  TAT  element  obser¬ 
vations  are  zero.  In  this  restricted  case,  both  models  use 
the  same  values  for  demand  rate  and  process  time  (T)  . 

Consequently,  bo^h  processes  have  the  same  expected  pipeline 
(P)  ,  E=  X  1.  The  service  rates  will  be  higher  for  the  M/S/1 
queue,  as  explained  previously.  The  M/M/ oo  mcdel  has 
service  rate  (£)  equal  to  P,  while  for  the  M/M /I  aueue,  ^ 
car.  be  expressed  in  terms  of  ?  as  follows: 

P  -  ?  /  O-p) 


$  =  p  /  (P+D 


tC  c 


Using  this  relationship,  it  is  straightforward 
the  process  rates  ana  allowances  generated  by  the 
for  any  specified  level  cf  demand.  Table  XIV  p 
examples. 
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The  endurance  period  apprcxima-  ions  provide  a  capa¬ 
bility  tc  project  requirements  *aat  are  mere  "reasonable” 
than  the  unbounded  solutions  in  the  infinite  population 
case,  tut  they  are  still  not  bounded  as  they  would  he  if  the 
number  ir.  the  population  were  known  and  the  finite  popula¬ 
tion  model  used.  The  allowances  provided  by  the  two 
endurance  period  approximations  can  grow  without  bound 
because  there  is  nc  limit  or.  t*,  and  it  is  important  tc  tote 
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The  steady  state  solution  for  the  M/M/oo  model  is 
provided  hy  the  Poisson  i  istr ibuticn,  ar.d  time  tc  reach 
steady  state  is  never  at  issue.  Allowing  the  M/K/1  system  to 
become  saturated,  however,  requires  that  an  endurance  period 
hr  specified  in  order  to  coedutc  allowances  for  the  tran¬ 
sient  states.  Ever  if  the  system  is  not  saturated,  the 
steady  state  approximation  using  SL  =  1-(^*')  provides  the 
same  allcvar.ce  whether  \=Q.01/dav  or  A  =  10/day,  as  lone  as 
the  ratic  ^ /p  is  constant.  The  time  to  reach  this  steady 
st  its  is  considerably  longer  in  the  case  X  =  0.01/day. 
however,  and  the  allowance  necessary  to  support  a  90  day 
operational  period  is  lower. 

B.  SENSITIVITY  TO  INPUT  DATA 

1  .  C at  a  Base  Problems 

The  data  base  used  as  input  to  either  medal  has 
numerous  problems,  particularly  in  the  identification  of 
manuf  act  urer  *s  parts  numbers  to  national  stock  numbers. 
Because  of  these  problems,  ASO  personnel  are  required  tc 
manually  massage  the  received  data  prior  tc  * h -  compute- ior. 
of  allowances.  As  a  minimum,  they  compare  at  least  two  sets 
cf  data  covering  similar  usage  periods  at  similar  sites 
before  accepting  any  single  set  cf  inputs  for  =liovarce 
computation.  Large  differences  in  TAT,  percentage  of  demands 
repaired,  and  demand  rates  are  common.  The  current  model  is 
reasonably  stable  in  that  it  requires  fairly  substantial 
changes  in  cne  of  these  factors  before  an  increased  or 
decreased  allowance  is  computed;  the  3IMAIE  model  should  bc 
just  as  stable. 

The  high  price  of  most  components;  “he  usual  tight 
funding  constraints  or.  transportation,  repair,  and  procure¬ 
ment  budgets;  and  the  long  lead  times  necessary  for  both 
budgeting  and  procurement  all  create  a  strong  influence  for 
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establishing  an  item's  allowances  once  only  when  the  item 
first  enters  the  supply  system.  Frequently  identical  allow¬ 
ances  are  established  for  a  group  of  sites,  such  as  all 
aircraft  carriers,  and  are  considered  fixed  unless  extraor¬ 
dinary  conditions  arise.  Allowances  are  changed,  cf  course, 
primarily  as  unanticipated  demand  forces  increases.  Poor 
initial  provisioning,  lower  than  expected  reliability  or 
■aintainability,  lack  of  repair  parts,  and  numerous  other 
situations  cause  these  increases.  The  environment  remains, 
however,  to  minimize  change  as  much  as  possible. 

Proposing  the  use  of  a  new  model  requires  that  an 
estimate  cf  its  effect  on  the  established  system  be  made.  Ir. 
the  case  of  the  model  proposed  in  this  thesis,  the  effect 
could  be  significant.  The  use  of  relaxed  TAT  limits  causes 
higher  allowances  to  be  generated  for  many  items.  The 
inclusion  of  BCH  TAT  in  the  pipeline  also  increases  allow¬ 
ances.  The  use  of  the  capacity-constrained  model  would  cause 
allowance  increases  for  items  with  ?  values  above  about  1 
unit.  Ncr.s  of  these  effects  is  necessarily  bad;  in  fact, 
establishing  the  validity  of  the  proposed  model  might  create 
a  vehicle  that  would  help  justify  additional  funds  for 
needed  support.  Certainly  the  existence  of  very  real 
capacity  constraints  cn  the  VAST  system  is  well  documented. 
Establishing  a  legitimate  cost  for  the  allowances  needed  to 
support  this  system  at  a  mobilization  tempo  could  provide 
planners  with  information  for  making  a  better  cost- 
effectiveness  tradeoff  on  system  support.  It  remains  to  be 
shewn,  however,  whether  the  model  is  useful  on  a  cruise-to- 
cruise  or  site-to-site  basis,  or  whether  it  is  too  sensitive 
to  small  changes  in  input  data. 
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2.  Sjles*ed  gxa  erles 


The  relative  sensitivity  of  the  RIMAIR  model 
compared  to  the  proposed  model  can  be  demonstrated  using  the 
sample  input  data  used  previously.  In  order  to  compare 
allowances  on  a  fair  basis  it  is  necessary  to  use  the  same 
input  data  in  each  model.  Consequently,  the  RIMAIR  model 
will  be  modified  to  include  BCM  TAT  and  to  use  the  relaxed 
TAT  limits  developed  in  Chapter  III.  The  result  cf  doing 
this  is  shown  in  Table  XV  .  Part  A  of  the  table  provides 
the  input  data,  which  is  applicable  to  all  examples  in  this 
section.  Part  B  shews  the  allowance  computation  with  both 
the  original  and  revised  inputs  to  the  RIMAIR  model,  and  the 
allowance  computation  for  the  proposed  model. 

Inclusion  of  the  BCM  TAT  and  use  cf  the  relaxed  TAT 
constraints  increases  the  pipeline  quantity  used  in  the 
RIMAIR  model  from  3.14  to  3.98  units.  The  pipeline  is  some¬ 
what  higher  in  the  proposed  model  because  of  the  forecast 
factor.  If  the  forecast  factor  were  1.00,  both  models  would 
have  the  same  total  pipeline;  with  a  forecast  factor  greater 
than  one,  the  nuaber  in  the  repair  processes  of  the  proposed 
model  grow  faster  than  the  forecast  factor  because  cf  the 
increased  number  of  units  awaiting  service.  The  major 
difference  between  the  allowances  computed  by  the  two 
models,  however,  is  the  increased  safety  level  quantity 
computed  by  the  prcpcsed  model. 

The  following  examples  are  provided  to  illustrate 
the  effect  that  different  input  data  would  have  cr  •‘•he 
allowances  generated  by  the  RIMAIR  model  and  the  proposed 
modal.  In  each  case,  the  results  of  the  allowances  computed 
will  be  compared  tc  the  allowances  shown  in  Table  XV 
Allowances  computed  for  the  RIMAIR  model  include  the  BCM  TAT 
and  use  tte  relaxed  TAT  limits.  The  example  cases  are: 
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TABLE  XT 

BIB1XB  -  Proposed  Model  Allowance  Comparison 


A.  Input  data 


BCM  1 
BCM  2 
BCM  3 


Repair  1 
Repair  2 
Repair 
Repair 
Repair 
Repair 
Repair 
Repair  8 
Repair  9 
Reoair 


10 


TAT  element  data 
IP  RC1  RC2  AW 


TAT 


0 

0 

1 


2 

1 


10 


1 

19 


0 

1 

0 

0 

1 

1 

4 

0 

1 

0 


5 

0 

2 

3 


Action 

Admiristrati ve 
Process  one 
Process  two 
Awaiting  carts 
Order  arid'ship 
Data  period 
Forecast  period 
Flying  hours 
Forecast  flying 
hours 

Flying  hour  factor 


31 


24 


1 

39 

5 

0 

3 

4 

37 


5 

• 

ct 

1 

-  - 

n 

c. 

5  3 

8 

Var 

IP 

Totaljdays) 

Mean 

.692 

R  Cl 

20 

2.22 

RC2 

29 

7.25 

A  HP 

63 

17.00 

OST 

-- 

26.00 

t 

90 

*  i 

60 

FH 

1453  hours 

FH' 

17  00  hours 

F 

1 . 755 

3.  Allowance  Computation 


RIESTCF 

RIMAIR  Model  I 

1  Proposed 
Var 

Mcde  1 

Level 

Var 

One  f 
u  nits 

Rev  * 
un  its 

f  units 

Repair  cycle 

PR' 

1  .62 

2.  03 

PA ' +P 1 ' ♦ 

P2 p?  * 

2.72 

OST 

FB' 

1.52 

1.  95* 

PH  • 

1.52 

Total  pipeline 

P» 

3.  14 

3.  98 

p  * 

4.24 

Safety 

QE-P* 

1.86 

2.  02 

QS-P' 

4.76 

Operating 

OL 

1 . 00 

1.  00 

OL 

1.00 

Total 

QT 

6 

7 

QT 

10 

*CST  figure  for 

revised  RIMAIR 

model  includes  BCM  TAT. 

a)  The  percentage  cf  successful  repairs  is  increased  to 

1001  (same  TAT  observed). 

b)  The  percentage  cf  successful  repairs  in  decreased  to 

461  . 

c)  The  flying  hour  factor  (F)  is  1.00. 

d)  The  flying  hour  factor  (F)  is  1.25. 

e)  No  A HP  tine  is  experienced. 

These  are  the  type  cf  differences  generally  observed  when 
sites  with  similar  aviation  support  missions  are  compared. 
These  cases  are  "what  if"  cases,  using  the  TAT  data  from  the 
13  maintenance  actiors  listed  in  Table  XV  to  compute  allow¬ 
ances  as  if  the  number  of  successful  repairs  were  different 
in  cases  a)  and  b)  ,  as  if  the  future  demand  forecast  were 


dif  f  erer. 

t  ir.  cases  c) 

an  d  d)  ,  and  as 

if 

the 

piece-part 

support 

were  improved 

in  case  e)  . 

The  case  (a) 

assumption,  that 

all 

13 

inductions 

resulted  in  successful  repair,  has  the  same  effect  cr  the 
allowances  computed  ty  both  models.  Table  XVI  A  presents 
the  results  in  the  following  format.  The  rimaih  model  and 
tha  prcccsed  model  are  shown  on  the  left  and  right  side  of 
the  table,  respectively.  Two  sets  of  output  are  presented 
for  each  scdei.  For  the  31 NAIB  model,  the  output  from  the 
Table  XV  example  (in  the  column  labeled  "Hev")  and  the 
cutput  that  results  from  the  change  being  illustrated  by  the 
current  case  (column  labeled  "Now")  are  provided.  The 
columns  labeled  "Orig"  and  "Now"  for  the  proposed  model 
represent  the  Table  XV  example  and  the  current  case,  respec¬ 
tively.  Within  each  set  of  output,  tha  data  are  grouped  to 
help  illustrate  the  pipelines  that  are  computed  by  the 
models,  and  the  allowances  that  are  generated  by  the 
pipelines. 

Table  XVI  A  shows  that  the  allowance  that  wculd 
result  if  all  of  the  13  units  inducted  had  been  successfully 
repaired  wculd  be  5  units  using  the  RISAIR  model,  and  8 
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T1BLE  XVI 

Model  comparison:  Varying  Repair  Percentage 


100X  cf  iteas  inducted  are  repaired. 


BIMAIR  Model 
Variable  Rev 

Mow 

Var 

Proposed  Model 

orig  New 

1  Pi* 
pp. 

I  PW» 

.  18 

1.  33 

1.  52 

.18 

1.33 

0.0 

PE* 

1.95 

0.  0 

|  PTi 

->QP 

3.  02 

5 

1.50 

3 

! 

i  P1« 

1  ->Q1 

.47 

2.42 

.47 

2.42 

PR  * 

2.03 

1 

2.46  1 

P2 ' 
->Q2 

.75 

1.20 

.75 

1.  20 

P* 

3.98 

2.46  i 

P* 

4.  24 

2.72 

St 

2.02 

1.  54 

SI 

4.  76 

4.28 

QF 

6 

4 

QS 

9 

7 

Cl 

1 

1 

OL 

1 

1 

Total 

7 

5 

t 

10 

8 

B.  Cniy  465S  of  items  inducted  are  repaired. 


himair  Model 
Variable  orig  Nov 

Var 

prooosed  Model 

Orig  Now 

PA* 

p?i 

PW' 

.  18 
1.  33 
1.  52 

.  18 
1.33 

3.55 

PB« 

1. 95 

4.  87* 

1  PT* 

1  ->QP 

3.02 

5 

5.05 

8 

PI ' 
~>Q  1 

.47 

2.42 

.47 

2.  42 

FB' 

2.  03 

1.  13* 

P2 1  , 
->Q2 

.75 

1.20 

.75 

1.20 

F* 

3.  98 

6.  01 

P* 

4.  24 

6.27 

SI 

2.02 

2.99 

SL 

4.76 

5.73 

QP 

6 

9 

QS 

9 

12 

OL 

Total 

1 

7 

1 

10 

OL 

- 

1 

’l0~ 

- 

1 

13* 

units  if  the  proposed  model  vers  used.  These  allowances  are 
both  two  units  less  than  the  comparable  allowances  generated 
in  Table  XV  This  is  the  result  of  eliminating  the  wholesale 
resupply  pipeline. 

The  case  (b)  results  are  shown  in  Table  XVI  B.  The 
number  cf  successful  repairs  to  is  reduced  to  6  of  the  13 
units  inducted  (4651)  .  The  starred  (*)  quantities  for  the 
BIHAIB  model  actually  depend  on  which  maintenance  actions 
(high  TAT,  lew  TAT,  cr  whatever)  resulted  in  3CMs;  the  total 
BIMAIB  pipeline  will  be  the  same  in  either  case.  The  allow¬ 
ance  computed  bj  the  KIMAIR  model  increases  3  units  to  a 
total  cf  10  units  when  the  number  of  BCMs  increase.  The 
allowance  computed  by  the  proposed  model  also  increases  3 
units,  tc  a  total  of  13.  In  both  models,  the  increase  is  due 
to  the  larger  wholesale  resupply  pipeline  that  results  when 
fewer  units  are  repaired  locally. 

If  3CM  TAT  had  not  been  included  in  the  RISAIR  pipe¬ 
line,  the  allowances  that  would  have  resulted  would  have 
been  lower.  In  the  case  of  10051  repair,  the  allowance  would 
decrease  from  the  original  6  to  5  units.  In  the  case  of 
fewer  repairs,  however,  the  final  allowance  depends  on 
knowing  specifically  which  of  the  maintenance  actions  listed 
in  Table  XV  A  resulted  in  units  being  declared  BCH.  If  the 
units  with  the  highest  TAT  had  been  declared  BCH,  the 
resulting  allowance  would  be  only  6  units;  there  would  be  no 
increase  from  the  original  allowance  because  the  increased 
resupply  pipeline  is  offset  by  a  reduced  repair  pipeline. 
If  the  6  units  with  the  highest  TAT  had  been  repaired, 
however,  the  increased  repair  pipeline  causes  the  resulting 
allowance  to  increase  to  8  units. 

This  helps  tc  illustrate  the  need  for  including  the 
BCH  TAT  in  the  pipeline.  The  expected  number  of  uni •‘■s  in 
the  total  pipeline  dees  not  change  in  these  two  cases,  but 
the  allowance  computed  varies  by  two  units  because  in  the 


first  case  (where  the  allowance  remains  6)  ,  the  BCl’d  items 
had  substantial  TAT  that  was  ignored;  in  the  seccr.d  case 
(allowance  8)  ,  they  had  relatively  little  TAT,  sc  the 
deficiency  was  minimal. 

Cases  (c)  and  (d)  illustrate  the  effect  demand  fore¬ 
casting  has  on  the  allowances.  In  the  first  of  these, 
presented  in  Table  XVII  A,  the  allowance  is  computed 
directly  from  the  input  data,  without  any  forecasted  demand 
increase;  the  pipeline  quantities  for  each  model  are  the 
same.  In  case  (d)  ,  a  forecast  factor  of  1.25  is  used. 

The  allowances  computed  by  the  proposed  model  are 
still  greater  than  the  allowances  computed  by  the  RIMAIE 
model  in  cases  (c)  and  (d),  but  the  amount  that  it  is 
greater  has  decreased.  In  case  (c)  (F=1.0G),  the  proposed 

allowance  quantity  is  reduced  two  in  the  urcapacirat ed  pipe¬ 
line  and  two  more  in  the  repair  cycle  because  the  traffic 
intensities  have  been  significantly  reduced.  The  resulting 
allowance  of  6  units  is  now  only  one  unit  higher  than  the 
allowance  of  5  computed  by  the  RI3AI8  model.  The  reduction 
in  allowance  in  the  proposed  model  that  results  frcm  lower 
traffic  intensity  can  be  used  as  an  argument  that  increased 
repair  capacity  for  seme  items  would  result  in  lower  allow¬ 
ance  quantities.  In  reverse,  it  shows  the  allowance 
increase  necessary  when  forecasting  higher  demand  rates 
without  an  increase  in  repair  capacity. 

Increasing  the  forecast  from  1.00  tc  1.25  raises  all 
cf  the  rates  by  25%  as  shown  in  Table  XVII  3.  The  expected 
number  in  the  repair  pipeline  of  the  proposed  model 
increases  slightly  mere  than  this.  Both  models  exhibit 
lower  allowances  than  in  the  original  case  where  F=1.755, 
tut  each  increased  the  allowance  one  unit  over  the  case 
where  F*1.00. 
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TABLE  Z7II 

Model  Comparison:  Varying  Forecast  Factors 


A.  Demand  forecast  factor  (P)  is  1.00. 


RIMAIR  Model  ! 

Variable  Rev  Now  | 

1  Var 

Proposed  Mode 
Orig 

1 

How 

PA* 

PP' 

PW* 

.  18 
1.33 
1.52 

.10 

.75 

0.87 

RE' 

1. 95 

1.  11 

PT' 

->QP 

3.  02 

5 

1.72 

3 

1 

PI  • 
->Q1 

.47 

2.42 

.  22 

1.30 

PS  • 

2.03 

1.  16  | 

P2  * 
->Q2 

.  75 

1. 20 

.32 

.32 

P  • 

3.98 

2.27  | 

P» 

4.  24 

2.  27 

SL 

2.02 

1.73 

SL 

4.  76 

2.73 

SE 

6 

4  ! 

1 

3S 

o 

5 

CL 

1 

1  ' 

OL 

1 

1 

Total 

7 

5  ! 

10 

6 

B.  Demand 

forecast 

factor  (F) 

equals 

1.25  . 

RIMAIR  Mode 
Var  Rev 

1 

Now 

|  Var 

ProDosed  Mode 
Orrg 

N  :w 

PA’ 

PP' 

!  PW* 

.  13 
1.  33 
1.  52 

.  12 
.94 

1 .03 

PE* 

1. 95 

1. 39 

i 

j 

!  PT* 

1  ->QP 

3.  02 

5 

2.  15 

4 

1 

1 

i 

PI  • 
->Q1 

.  u7 

2.  42 

.29 

1.  65 

PR  * 

2.03 

1.  45  ; 

P2  * 
->Q2 

.  75 

1.20 

.  44 

.57 

c  • 

3.98 

2.  83 

?* 

4.  24 

2.88 

SI 

2.02 

2.  17 

SL 

4.76 

3.  12 

QF 

6 

5 

OS 

9 

6 

OL 

1 

1  1 

OL 

1 

1 

Total 

7 

6  I 

10 

i 
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In  cases  (a)  an  d  {  b) , 


both  the  RIMAIP  model  (with 
ECM  TAT  included  ar.d  using  revised  TAT  constraints)  and  the 
proposed  model  shoved  the  same  relative  change  between 
allowances;  in  cases  (c)  and  (d),  the  proposed  model  exhib¬ 
ited  larger  decreases  in  allowance  because  the  traffic 
intensities  were  lower.  The  last  case,  case  (e)  ,  shows  the 
effect  when  no  AWP  time  is  experienced.  Table  XVIII  provides 


TABLE  17 III 

Model 

Comparison:  AWP  Eliminated 

var 

RIMAIR  Model 

Rev  Now 

var 

Prooosed  Model 

Or ig  New 

1 

PA' 

pp» 

PW» 

.  18 

1.  33 
1.  52 

.  18 
0.0 
1.52 

PB  ' 

1.  95 

1.  11  l 

PT* 

->QP 

3.  02 

1.70 

5 

3 

PI  ' 
*>01 

.47 

1.63 

2.42 

3.  79 

PH* 

2. 03 

1.  16 

P2 ' 
*>Q  2 

.75 

0.0 

1.20 

O.C 

?' 

3.98 

2.  27 

P* 

4.  24 

3.33 

SI 

2. 02 

1. 73 

SL 

4.76 

3.67 

QP 

6 

4  I 

QS 

9 

7 

OL 

1 

1 

OL 

1 

1 

Total 

7 

5 

10 

8 

the  results.  The  proposed  model  again  exhibits  the  same 
decrease  in  allowance  (two  unit s)  that  the  RIMAIR  model 
does.  With  no  AMP  time  experienced,  all  of  the  units  are 
assumed  tc  go  through  the  same  repair  process  in  the 
proposed  model,  and  the  expected  number  in  the  system  (at 
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F=  1 . 755)  is  higher  than  it  was  whan  there  wera  two  separate 
repair  processes  occurring  in  parallel.  This  is  a  flaw  in 
the  proposed  model;  the  expected  number  in  the  system  should 
not  rise  this  much. 

The  proposed  model  did  not  exhibit  any  more  vari¬ 
ability  in  cases  a),  fc) ,  and  e)  than  the  RIMME  model  with 
revised  input  data  did.  In  cases  c)  and  d)  ,  which  examined 
the  effect  cf  forecasting,  the  changes  in  the  proposed  model 
wera  larger,  which  is  exactly  what  it  was  designed  for.  In 
the  case  cf  F=1.0O,  the  proposed  model  computed  an  allowance 
that  was  cnly  1  unit  higher  than  the  SIdAIR  allowance.  At 
F=1.25,  the  proposed  model  allowance  was  still  one  unit 
higher.  In  the  original  case,  however,  with  F=1."755,  the 
proposed  model  computed  an  allowance  that  was  *hree  units 
higher,  because  the  traffic  intensities  in  the  repair 
processes  wera  increased  significantly,  without  any  expected 
increase  in  the  repair  rate. 

These  few  examples  help  to  illustrate  the  changes 
brought  about  in  a  single  item  when  input  factors  are 
changed.  In  Chapter  V,  the  complete  sample  of  75  items  is 
examined  to  show  the  effects  some  of  these  same  factors  have 
when  the  models  are  applied  across  part  of  the  inventory. 


1.  MOPSI  SI SPLAT I QI 


1.  OSS  SINGES  D  AT  A  EASE 

The  data  base  provided  by  NAMSO  was  used  in  a  simulation 
to  rest  the  hypotheses  that  evolved  during  the  modelling 
process.  The  processing  dates  for  each  action  (i.e. 
removal,  induction,  etc.)  were  used  to  simulate  the 
performance  of  the  allowance  levels  developed  r  both  the 
EIMAIF  model  and  the  proposed  model. 

Simulating  with  real-world  data  has  both  ad\  ..ages  and 
serious  drawbacks.  The  key  advantage  is  that  the  -umpticns 
that  were  developed  about  the  distribution  c  ■  the  TAT 
element  times  did  net  have  to  be  used  in  generating  random 
numbers,  as  would  have  to  be  done  in  developing  a 
Mcnts-Cailo  simulation.  The  only  statistics  that  were  drawn 
from  the  data  were  the  average  TAT  element  times  and  the 
number  of  transactions  of  each  type  that  occurred;  all 
repair  cycle  actions  were  assumed  to  happen  on  the  date 
indicated  in  the  data  base.* 

There  are  two  disadvantages  tc  using  real-world  data  in 
simulating  the  performance  of  the  models.  First,  iz  does  not 
allow  for  multiple  tests  of  any  giver,  hypothesis.  Sc  confi¬ 
dence  interval  for  the  results  can  be  obtained,  whereas 
repeated  trials  of  a  Monte-Carlo  simulation  with  different 


♦ihol 
base.  Tn 
days,  wh 
resupply 
days,  an 
days.  T 
resupply 
times  is 
proposed 
comoariso 
affected . 


«sale  resgpply  time  was  not  included 
is  time  interval  was  set  detsrrainisti 
ich  was  computed  as  the  expected  value 
time  when  953  of  required  itams  are  su 
d  the  remaining  15*  are  delayed  an  a 
fcese  times  are  the  SAVSUP  goals  fo 
cf  aviation  activities.  Lack  of  act 
net  considered  a  serious  deficiency 
model  was  built  to  model  the  repair 
ns  between  the  two  models  are  not  s 
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cally  as  2b 
of  wholesale 
polled  in  15 
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randcir  numbers  would  allow  the  cor. s’- fiction  cf  confidence 
intervals.  Consequently,  lesults  from  the  various  simula¬ 
tions  nay  te  accepted  as  an  indication  of  how  one  nodal 
performs  against  the  ether,  but  are  in  no  way  conclusive. 

Ancther  disadvantage  of  using  real-world  da*a  is  that  it 
is  biased.  The  actual  TAT's  experienced  by  the  RANGE? 
reflect  not  only  their  own  repair  capabilities,  but  alsc  the 
number  cf  RET  units  in  inventory.  There  are  three  repair 
priorities  used  cn  mest  ships:  low  for  normal  stock  replen¬ 
ishment,  medium  for  nigh-demand  repairaoies  when  they  fall 
to  251  ?FI  on  h2nd,  ar.  d  high  for  units  needed  immediately 
for  installation.  These  latter  units  are  known  as  EXEEF's 
(expeditious  repair  units)  ,  and  all  efforts  are  made  to 
complete  EXEEP's  quickly.  Cress -can n ibalizat icn  of  parts  is 
ccmmcr.  in  ^his  situation  if  there  are  any  AW?  units  from 
which  to  obtain  parts,  and  off-ship  parts  expediting  is  used 
to  the  maximum  degree  possible.  The  important  point,  there¬ 
fore,  is  that  RANGER  TAT  data  reflects  repair  actions 
requited  by  both  demand  and  inventory  position.  The  data 
base  provides  the  demand  history,  but  tracking  inventory 
position  ever  time  is  considerably  more  difficult. 

It  was  noted  in  chapter  II  that  the  model  used  for  past 
AVCAL's  was  not  the  RlflAIR  model  but  an  cider  model  that 
provided  Fcisson  protection  tc  the  repair  pipeline  and  also 
added  an  attrition  pertion  equal  to  tne  90  day  3CM  forecast. 
Although  these  quantities  car.  be  obtained,  the  number  of 
units  actually  on  board  at  any  given  time  would  net  be  kr.cw- 
because  actual  inventory  levels  may  not  have  agreed  with  the 
allowances,  i.e.,  part  of  the  inventory  was  off  the  ship 
supporting  detachment  operations  and/or  dates  fer  material 
received  from  the  wholesale  system  are  not  available.  The 
bottca  line  is  that  the  ship  has  to  manage  with  a  given 
number  cf  units  and  the  TAT  observations  must  reflect  this. 
Consequently,  the  simulation  cannot  forecast  how  the  RANGER 
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night  have  done  with  different  allowances;  i*  car.  only 
compare  the  performance  of  the  allowances  computed  by  the 
RIMAIR  and  proposed  models  when  applied  to  the  ?A53E3*s 
data . 

£.  HEASOBE  OP  BPPECTIVENESS 

The  desired  inventory  goal  is  to  provide  a  specified 
minimum  aircraft  availability  for  the  least  inventory 
investment  possible.  This  is  not  possible  in  this  simula¬ 
tion  because  there  is  no  simple  method  for  relating  the 
availability  of  components  to  aircraft  availability. 
Additionally,  the  unit  prices  for  the  items  were  net 
included  in  the  sample  data  specifically  to  avoid  the  possi¬ 
bility  of  a  few  extremely  high-priced  items  influencing  the 
results.  In  application,  unit  price  considerations  can  b<= 
taken  into  account  by  varying  safety  levels  (or  'ey  some 
ether  method)  and  would  probably  have  similar  affects  or 
either  the  RIMAIR  or  proposed  model  allowances. 

An  inventory  ef f sefiveness  goal  can  always  be  reached  if 
enough  items  are  added  to  inventory.  Budgets  for  inventory 
procurement  and  rework  are  limited,  however,  so  inventory 
models  must  also  be  reasonably  efficient  in  -arms  of  the 
number  of  units  they  stock  to  reach  the  goal.  The  measure 
of  effectiveness  (MCE)  for  this  simulation,  therefore, 
should  reward  an  allowance  model  that  comes  close  tc  meeting 
the  stockaae  goal  (assumed  to  be  90 ^  in  accordance  with  the 
safety  level  setting)  and  penalizes  a  model  that  computes 
too  high  an  allowance  in  doing  this.  The  difficulty  in 
applying  such  an  MO E  is  in  deciding  an  apprepriate  balance 
between  the  reward  and  the  penalty.  In  order  to  rate  the 
results  cf  the  simulation,  then,  both  the  achieved  effec¬ 
tiveness  figures  for  each  model  under  a  given  set  of 
conditions,  and  the  total  number  of  units  computed  by  the 
model  for  allowances  will  be  provided. 
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C.  SIBOI ATIOM  RISOLTS 


The  simulaticr.  results  show  the  relative  values  for  a 
number  cf  policies  that  ha \  .  beet  recommended.  First,  the 
EIMAIB  and  proposed  models  are  compared  in  the  fora  in  which 
they  are  presented  in  Chapters  II  and  III,  respectively. 
Comparison  is  made  between  the  protected  pipeline  and  repair 
cycle  quantities  that  each  model  computes,  without  adding 
any  operating  level  cr  mobilization  additives.  The  aihAIH 
model  is  then  lade  comparable  to  the  proposed  model  by 
applying  the  revised  TAT  limits  (Table  '<)  to  the  input  data, 
and  by  including  the  BCh  TAT  in  the  pipeline.  Both  models 
are  then  enhanced  by  stipulating  a  minimum  one  day  TAT  for 
any  action  to  help  compensate  for  the  lacic  of  time  discrimi¬ 
nation  in  the  data  base.  Next,  the  results  of  adding  the 
operating  l  =  vel  cf  cr.e  each  is  shown.  Zxamples  of  line  items 
where  each  model  seems  to  perform  better  are  then  presented 
and  analyzed  in  an  attempt  to  distinguish  characteristics 
that  make  one  model  cr  the  other  perform  better. 

The  last  two  simulations  explore  two  different  aspects 
cf  the  models.  In  the  first  of  these,  different  safety 
level  settings  for  the  proposed  model  are  compared.  The 
proposed  model  presents  more  flexibility  for  safety  level 
development  because  of  the  tradeoff  between  safety  levels 
set  fcr  repair  process  one  and  two,  and  the  effect  of 
different  settings  is  shewn.  Finally,  both  models  are  used 
to  predict  allowances  with  flying  hour  factors  ir.  the  .  \ge 
1.00  to  2.00.  The  use  of  increased  flying  hours  is  sucpc.ted 
ty  analysis  cf  the  8  ANGE R*  3  deployed  operation*. 

1  *  JasiiiHi 


The  baseline  simulation  results  presented  in  table 
XIX  provide  the  results  of  the  EIHAIH  and  the  proposed 
models  as  they  would  perform  without  considering  operating 


levels  ir.  either  model,  without  setting  TAT  to  a  minimum  cf 
one  day,  and  without  including  the  BCM  TAT  in  the  PIMAIP 
pipeline  model.  Additionally,  each  model  uses  its  own  TAT 
constraints.  This  comparison  is  presented  as  a  ’’worst  case" 
analysis . 

Each  simulation  table  provides  the  parameters  used 
in  that  simulation  ar.d  the  results  of  the  simulation,  which 
are  the  summaries  of  the  model  performance  for  the  79  sample 
items.  Information  provided  includes  the  number  of  simulated 
issues  made  off-the-shelf,  the  number  of  EXREPs  that  had  to 
be  processed  to  satisfy  the  remaining  demands,  cf f-the-shelf 
effectiveness,  and  the  sum  of  the  allowances  for  all  items. 
The  'Delta'  column  in  Table  XIX  indicates  the  number  of 
additional  off-the-shelf  issues  provided  by  the  proposed 
model  ever  those  provided  by  the  RIMAI3  medal,  ar.d  the  addi¬ 
tional  number  of  units  in  allowance  required  to  make  these 
issues. 

The  baseline  results  are  biased  against  the  itlMAlR 
model  because  it  is  hampered  by  the  current  conservative  TAT 
limits  and  by  the  exclusion  cf  TAT  for  items  declared  3CM  in 
the  pipeline.  This  is,  however,  the  basic  model  that  will 
scon  te  applied  to  AVCAL's  and  other  aviation  outfitting.  It 
is  surprising  tc  note  that  it  would  have  provided  less  than 
half  cf  the  effectiveness  goal  of  0.90  protection.  The 
points  made  in  Chapter  II  are  repeated:  the  current  TAT 
limits  are  too  restrictive,  failure  to  use  8CM  TAT  in  the 
pipeline  is  a  serious  deficiency,  and  the  underlying 
assumption  cf  unlimited  repair  capacity  is  not  valid. 

The  proposed  model  also  falls  short  cf  the  desired 
performance  cf  0.90,  but  to  a  lesser  degree.  The  model  is 
very  sensitive  tc  repair  rates,  and  the  inability  to  measure 
repair  times  in  hours  may  affect  these  results.  Similarly, 
the  model  assumes  that  demand  and  repair  times  are  constant; 
significant  changes  in  the  rates  over  the  course  of  the 
deployment  are  likely  to  diminish  the  model's  performance. 
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TABLE  ZIZ 

Simulation:  Baseline  Coaparison 

Purpose:  To  provide  baseline  figures  on  the  RIMAIR 
model  as  it  is  presented  in  Chapter  II, 
and  cn  the  proposed  model  as  presented  in 
Chapter  III. 


Paraaete  rs: 
Flying  hour 

factor  (F) 

1  • 

1  O 

o 

1  • 

V* 

II 

TAT  limits: 

IP 

SKD  RPR  RC 1 

RC2 

AMP 

(days) 

RIMAIR 

1 

3  8 

20 

Proposed 

Minimum  TAT: 

6 

0  days 

12 

for  both  models. 

35 

60 

Reoair  process 
One  Two 


Safety  levels: 

3  IMA  IB 

Proposed  0.90  aax  0.97  max  C.90 

Operating  levels:  not  included  in  allowances. 


Oncapacitated 
pip  elm  e 
5.90 

0 . 90  aax  0.97 


Results: 


Model 


RIMAIR 

Proposed 

2884 

Delta 

Total  demands 

2984 

Total  issues 

1257 

1970 

♦  713 

Total  EXRSPs 

1627 

914 

ss=  s 

Cvarall  effectiveness 

43.65 

68.  3% 

Total  allowance  (units) 

161 

236 

♦  75 

Further  coaparison  cf  the  RIMAI3  model  with  *he 
proposed  model  cn  the  basis  presented  above  is  r.ct  very 
enlightening.  Tc  achieve  a  more  meaningful  comparison,  the 
input  data  for  the  RIMAIR  model  is  made  comparable  with  the 
proposed  icdei,  and  the  results  are  shown  in  Table  XX  .  Ihe 
results  cf  four  separate  simulations  are  presented  in  that 
table.  First  are  the  baseline  RIMAIR  model  results  shewn  in 
Table  XIX  .  Next  are  the  results  of  adding  the  BC8  TAT  to 
the  pipeline  before  computing  the  RIMAIR  allowances.  The 
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TABLE  ZZ 

Simulation:  HI  MAI  B  Baseline  Improvement 

Purpose:  To  provide  baseline  figures  on  the  RIMAIE 
nodal  that  will  be  comparable  to  these  of 
the  proposed  model. 


Parameters: 

flying  hour  factor  (P) 
TAT  Units: 


1.  00 


<<3ay?)  , 

Original 
Revised 

Kinivuff  T AT  :  0 
Safety  levels: 

Operating  levels:  not  included. 


IP  SKD 

RPP 

RC  1 

RC  2 

AWP 

1  3 

8 

20 

6 

days. 

0.90 

12 

35 

60 

Results: 

Cr  ig  inal 
baseline 

HI  MAI  3  Model 
W/BCM  TAT 
included 

w/r ev ised 
TAT  cons. 

with 

Demands 

2384 

2834 

2834 

2884 

Issues 

1257 

1459 

1482 

1b73 

EXREP  1 S 

1627 

2  33 SSS 

1425 
=:  =  =  =  =  = 

1402 

SS3SS3 

1211 
s  =  s  ss s 

Effectiveness  43. 6* 

50. 41 

51.4* 

58.0* 

33333 S 

Allcwar.ce 

Delta  from 

161  184 

original  RIMAIR  model: 

18  3 

206 

I s =u -s 

• 

♦  202 

♦  225 

♦  416 

Allowances 

♦  23 

♦  22 

♦  45 

Conclusion: 

Inclu  ding 
const  rain 
improve  t 

3 CM  TAT  and 
ts  developed  in 
he  RIMAIR  mode 

using  the 
chanter 

1  results 

TAT 

III 

and 

comparison. 


third  gives  the  results  of  using  the  revised  TAT  limits.  The 
fourth  gives  the  resclts  of  combining  both  of  these  enhance¬ 
ments.  Below  the  listings  for  the  latter  three  simulations 
are  the  differences  between  the  results  using  the  revised 
inputs  and  the  original  RIMAIR  baseline  results. 
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Ike  affect  cf  changing  the  Til  constraints  and 
including  the  BCf!  T4T  in  the  pipeline  is  guiie  substantial. 
The  33*  improvement  in  effectiveness  is  the  benefit  achieved 
by  using  as  such  information  as  possible  about  the  under¬ 
lying  process  in  developing  allowances.  Both  of  these 
changes  should  be  inplemented  when  the  HI  MAI R  model  is 

applied  tc  the  AVCAl  process.  All  further  simulations  in 
this  chapter  include  these  enhancements  to  the  original 
FIMAIE  model. 

The  next  table  presents  the  effects  of  using  a 
minimum  1  day  TAT  with  both  the  RIMAIR  model  and  the 

proposed  model  (Table  XXI  A)  ,  and  provides  the  results  of 
including  operating  levels  of  one  unit  to  each  allowance 
generated  by  the  models  (Table  XXI  B)  .  Again,  for  each  of 
these  cases,  the  difference  that  the  change  makes  in  each 
model  is  provided  as  the  delta  quantity. 

Use  cf  a  minimum  one  day  TAT  helps  both  models  and 
will  be  used  for  both  in  the  following  simulations. 

Inclusion  of  the  operating  level,  however,  raises  the  effec¬ 
tiveness  of  both  ircdels  past  the  0.90  goal,  and  the 

additional  units  added  to  inventory  exhibit  "diminished 
returns"  in  terms  of  improved  effectiveness.  The  operating 
level  will  net  be  included  in  the  allowances  computed  in  the 
following  simulations. 

The  operating  level  result  is  very  significant  for 
two  reasons.  It  supports  the  contention  that  inclusion  of 
the  operating  level  unit  helps  to  mask  the  ability  of  the 
underlying  model  to  provide  an  appropriate  allowance  ir. 
support  cf  the  repair  process.  Using  a  good  underlying 
model,  with  safety  levels  adjusted  to  provide  the  desired 
overall  effectiveness,  seems  to  be  a  more  rational  approach 
than  using  a  poor  model  and  adding  1  unit  to  each  allowance. 
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TABLE  XXI 

Simulation:  Minimum  TAT  and  Operating  Level 


A. Purpose:  To  show  the  effect  of  setting  a  minimum 
TAT  of  one  day. 


Parameters : 

Flyir.g  hour  factor  (P)  *  1.00  . 
Minimum  TAT  as  shown  for  both  models. 


Safety 

levels : 

Uncapacitated  Repair  process 

p  i  pel  me 

One 

Two 

FI  M  AIR 

0.90 

Proposed 

0.90 

max  0.97  max  3.90 

Operati 

ng  level 

quantities  are  not  included. 

Results : 

RIMAIR  Model  1 

Proposed  Model 

Minimum 

TAT  Delta  j 

1  Minimum  TAT  Delta 

3  days 

1  da  y  1 

0  days 

1  day 

Demands 

2  984 

288  4  ; 

2884 

2834 

Issues 

1673 

1790  +117  | 

1970 

2169  +199 

EXREPs 

1  211 

1094  | 

914 

715 

Effect. 

si7o% 

627 1%  | 

68.  3% 

75  Ti* 

s  sss 

333  3 

3  33  3 

33  33 

Allowances 

206 

3  333 

213  ♦  7  | 

23t> 

1  ssss 

256  ♦  20 

Conclusion:  Including  a  minimum  of  one  day  TAT 
helps  both  models  considerably,  with 
relatively  little  extra  investment  in 
inventory. 


B. Purpose: 

Tc  shew 
of  one 

the  effect  of  adding 
each  to  the  allowances. 

the  OL 

Results: 

RIM  AIR  Model  1 

Proposed  Model 

No  OL 

W/OL  j 

Ho  OL 

W/OL 

Demands 

2384 

2884  j 

2334 

2884 

Issues 

1790 

2679  +889 

2169 

2734  +615 

•  — —  — 

•  —  j 

•  —  — 

•  S»  — 

EXREPs 

1  094 

205  1 

715 

100 

X  33  3 

33 3  3 

8333 

3333 

Effect. 

62. 1% 

92.  9%  j 

75.2% 

95.3% 

S  333 

333  3 

3333 

33  33 

Allowances 

213 

8333 

292  +79  | 

ssss 

256 

3333 

335  ♦  79 

3333 

Conclusion:  Including  the  operating  level  heirs 
both  models  achieve  better  than  9c% 
simulated  effectiveness. 
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It  is  appropriate  to  mention  that  many  repairable 
items  carried  in  AVCAL  have  the  operating  level  automati¬ 
cally  added  to  their  allowance.  This  will  definitely 
increase  overall  effectiveness,  but  it  is  not  likely  to 
provide  cost  effective  results  when  applied  tc  the  inventory 
as  a  whole.  Ths  benefit  of  adding  the  unit  operating  level 
to  allowances  for  high-demand  items  is  significant,  tut 
there  may  be  many  lew-demand  items  for  which  the  addition  of 
a  unit  operating  level  may  net  improve  effectiver. ess  at  all. 
Further  analysis  sheuli  be  done  to  determine  both  the 
benefits  and  the  costs  of  automatically  adding  the  operating 
level,  especially  when  it  is  applied  tc  the  medium-  and 
low-demand  items  in  the  inventory. 

Examples  cf  specific  items  for  which  each  model 
performed  best  are  presented  in  Tables  XXII  and  XXIII  .  The 
statistics  reflect  the  inclusion  of  dCH  TAT  in  the  BI1ATS 
model,  use  cf  the  revised  TAT  Limits,  and  the  use  cf  a  one 
day  operating  level.  In  the  example  provided  in  Table  XXII, 
the  proposed  model  computes  an  allowance  of  2.40  for  process 
one,  which  includes  almost  two  units  for  safety  level.  The 
administrative,  AWF,  and  resupply  pipeline  allowance 
includes  almost  another  unit  cf  safety  level.  The  extra  uni*-, 
safety  level  obtained  by  computing  the  allowance  ir.  this 
manner  instead  cf  with  tne  FI3AI3  model  enabled  an  addi¬ 
tional  18  demands  tc  be  filled  off-the-shelf;  this  is  a 
28. 6*  improvement  over  the  results  obtained  by  the  enhanced 
BIMAIB  model.  This  item  has  characteristics  that  are 
exactly  what  the  proposed  model  was  designed  for,  as  mest 
units  gc  through  a  quick  repair  and  then  return  tc  the 
shelf.  This  example  i3  but  one  of  many  items  in  which 
setting  the  safety  level  fer  repair  process  one  to  D.97 
provided  an  extra  unit  or  two  in  safety  level,  and  the  extra 
unit  made  a  significant  difference  in  the  ability  to  meet 
the  demand. 
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TABLE  XXII 

Si amlat ion  Allowance  Comparison  #1 


Cctpariscn  cf  simulation  results  for  NUN*  0Q-14Q-1775 


94 

act  ions 

avg.  ip  * 

0.  06 

days 

1 

93 

BCi!  (w/AWP) 
repairs 

avg.  TAT* 
avg.  T AT* 

8.00 
3.  39 

days 

days 

71 

23 

actions  w/o  AMP 
actions  w/AW? 

avg.  RC 1  = 
avg.  RC 2= 
avg.  AtfP* 

1.  39 
2.65 
8.  87 

davs 

days 

days 

RIESTCE 

Level 

EIM AIR  Model 
Quantity 

ProDosed  Model 
Quantity  SL 

Repair  cycle 
Administrative 
Erccess  one 
Process  two 
Awaiting  Parts 

2.032 

2.  075 

.032 

.555  .970 

.342  .786 

1.146 

order  $nd 
shippnr.g  time 

0. 1  91+ 

0.  146 

Total  orpelnne 

2.  223 

2.  221 

Safety 

1.728 

2.779 

Total 

4 

5 

RXflEPs  (7) 

31  (33.0%) 

13  (13.8?) 

♦NIIN  is  the  National  Item  Identification  Number 
that  uniquely  identifies  each  item  carried  in 
any  portion  or  the  federal  supply  catalog. 

♦OSI  figure  for  RIMAIR  model  includes  3CM  TAT. 


Cf  the  79  items  in  the  sample,  in  only  one  case  did 
the  proposed  modal  yield  a  lcwar  allowance  than  the  RIMAIR 
model;  this  item  is  presented  in  Table  XXIII  .  The  proposed 
model  computed  an  allowance  of  0.44  for  process  one,  and  0 
for  process  two.  Adding  fire  for  the  remaining  pipeline  and 
rounding  yields  the  final  allowance  of  5.  The  RIMAIR  model 
adds  the  entire  pipeline  together,  and  this  results  in  6  as 


T1BL!  XXXII 

Simulation  Allowance  Comparison  12 

Comparison  of  simulation  results  i  or  HUM  C  J -<*  }  i- -7  40 

Item  data:  23  actions  avg.  r?  »  0.  J9  iays 

23  8C2J s  (0  w/AVP)  avg .  TAT*  2.34  days 

23  actions  w/o  AWP  avg.  RC1»  1.9o  lays 


RIBSTCE 

Level 

Repair  cycle 
Admin  istrati  ve 
Process  cne 
Process  two 
Awaiting  Parts 

order  and 
skipping  time 

Tctal  pipeline 

Safety 

Total 

EXREPs  (?) 


RIM  AIR  Model 
Quan  tity 

0.  0 


3.  623* 

3.  623 
2.  377 
6 

6  (26.  1%) 


?:oDosed  Model 
Quantity  : 

0.  265 


.0  12 

.253 

0.0 

0.0 


C.SOO 


3.36  0 


3.625 
1.  375 
5 

9  (39.1?) 


*OST  figure  for  RIHAIR  model  includes  3CM  TAT. 


the  allowance  quantity.  This  is  the  example  for  shewing  the 
possible  deficiency  in  treating  the  repair  processes  as 
separate  from  the  administrative,  AWP,  and  wholesale 
pipelines.  Lack  of  the  extra  unit  of  safety  level  caused  3 
additional  EXREPs  when  the  proposed  model  was  used,  17.6? 
worse  than  the  RIHAIB  model. 

The  differences  caused  by  applying  the  proposed 
model  to  each  item  in  the  entire  inventory  are  shewn  ir. 
Table  XXIV  .  The  effect  on  the  entire  sample  is  described 
in  terms  of  the  number  of  additional  units  of  allowance 
computed  by  the  proposed  model,  the  number  of  items  in  the 
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category,  the  number  of  EXREPs  avoided  by  having  th'-  addi- 
tior.al  units,  and  the  average  number  of  EXREPs  avoided  ter 


TABLE  XXIV 

Simulation  Allowance  Comparison  Summary 


Delta  f  items  | 
(units)  | 


#  EXREP'S 
avo ided 


Averaae  #  EXSEP's 
avoided  per  unit 


-  3 

0 

285 

48 

49 


-  3 
0 

8.  9 
8.  0 
8.  2 


Total 

NCTES 

1) 

2) 


♦4  3  units 


379 


8.  8 


"Delta"  represents  the  proposed  model  allowance 
minus  the  RICAIR  allowance. 

"#  items"  represents  the  nuaber  of  the  79  line 
items  in  the  sample  that  have  the  delta  quan¬ 
tity  as  the  difference  between  the  proposed  and 
RIHAIR  allowances. 

The  negative  sign  in  the  "EXREPs  avoided"  and 
"Average  EXREPs"  columns  indicates  that  the 
proposed  model  allowance  allowed  more  EXREPs 
than  the  RI3AI3  model  allowance  did. 


unit  of  increase.  These  summary  results  indicate  that  acre 
than  half  cf  the  items  were  provided  the  same  allowance  by 
the  proposed  model  as  by  the  RIM  AIR  model,  and  all  hut  5  of 
the  79  items  had  allowances  within  one  unit.  Considering  the 
fact  that  the  79  items  analyzed  in  the  sample  represent  16”! 
cf  the  total  demand  experienced  on  th?  RANGER  cruise,  by 
increasing  the  allowances  the  few  additional  units  ^com¬ 
manded  by  the  proposed  model  seems  a  small  "cost"  fcr  the 
resulting  performance  improvement. 
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2.  Simulat ing  Proposed  Model  S  a  £  et  v  Levels 

The  flexibility  provided  by  the  proposed  model  for 
setting  safety  level  combinations  can  also  be  a  liability. 
It  is  net  intuitive  what  settings  will  provide  the  best 
overall  support.  The  search  for  process  or.e  safety  level 
settings  was  made  simple  by  constraining  the  (incapacitated 
pipeline  and  overall  repair  process  levels  to  C.9Q  to 
compare  most  closely  with  the  RIMAIR  models.  Thera  is  addi¬ 
tional  research  that  can  be  dene  in  this  area,  however,  in 
attempting  to  find  the  optimal  parameter  settings  ter  a 
given  application. 

Table  XXV  shews  the  results  of  successive  simulation 
runs  in  which  the  maximum  safety  level  setting  fer  repair 
process  one  was  varied.  Increasing  process-one  safety  level 
improves  the  performance  of  the  model,  despite  th«  fact  that 
every  increased  process-one  safety  level  is  ralar.ced  with  a 
decrease  in  process-two  safety  level  in  order  to  the 

overall  ccal  of  0.90  . 

The  results  provided  in  Table  XXV  provide  additional 
support  for  the  validity  of  the  proposed  model.  The  overall 
ef f ectiveress  of  the  inventory  increases  as  ■‘rhe  prccsss-cne 
safety  level  increases.  This  supports  the  contention  that 
sufficient  support  for  repair  process  one  is  essential  for 
the  success  of  the  system  as  a  whole. 

The  procsss-cne  traffic  intensities  (p,)  for  the  79 
items  in  the  sample  are  graphed  in  Figure  5.  1  .  Only  four 
of  the  items  have  p,  above  0.4;  the  high  was  0.533  for  NUN 
CQ-804-5803,  based  on  96  process-cne  actions  with  an  average 
RCl  value  cf  2.11  days.  The  median  p,  value  was  only  C.176; 
the  minimum  was  C.053  .  Consequently,  the  allowances  did 
net  increase  much  when  the  safety  levels  were  increased  in 
Table  XXV  ;  some  would  have  increased  substantially  if  the 
traffic  intensities  had  been  in  the  neighborhood  of  0.9  . 
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TABLE  XXV 

Simulation:  Proposed  Model  Safety  Level 


Purpose: 

To  show 
lave  Is 
model. 

the  results  of  varyinq  t 
fer  process  one  ir.  the 

he  safety 
proposed 

Parameter 

Flying 

s: 

hour  fa 

ctcr  (F) 

=  1.00  . 

TAT  constraints:  IP 
(days) 

6 

SKQ  RPR 

RC1 

12 

PC  2  AWP 

35  60 

Einisum 

!  T  AT  :  1 

day . 

Safety 

levels : 

0.90  f 
pioeli 
bai r 

or  the  adai 
ns;  0.90 
processe  s. 

AWP 

overal 

.  resuDDly 

I  for' xhe 

Results: 

Maximum  safe 
0.  9  0  0.95 

- V  level  fo 
0.  96 

r  process  one 

0.97  0.98 

De Bands 

I s  sue  s 

28  8  4 
1889 

2884 

2  C  25 

2334 

2106 

2884 

2169 

2884 

2257 

SXEEFs 

995 

859 

778 

715 

627 

Effect . 

657  5  1 

7  C  7  2% 

7  3  7  0  71 

78  7  3% 

Allow. 

220 

237 

24  9 

25  6 

272 

Delta  from  next 
Issues 

Allow. 

lower  ca 

♦  136 

♦  17 

<r  ^  • 

♦  a  i 
+  12 

+  o  3 

+  7 

+  84 
+  16 

3.  Forecast  ing  Increased  Demand 

The  stated  purpose  for  developing  a  capaci-ated 
model  was  tc  to  provide  more  realistic  requirements  fore¬ 
casts  for  periods  cf  increased  demand.  The  simulations 
presented  so  far,  however,  have  r.ot  shewn  this.  The  RANGER 
data  fcase  provides  an  excellent  opportunity  to  test  this. 
Their  deployment  included  a  thirteen  week  period  cf  opera¬ 
tions  in  the  Indian  Ocean  during  which  the  experienced 
demand  was  25%  higher  than  for  the  deployment  as  a  whole. 


120 


121 


weekly 

Derates 

2  1 C 


18  0+ 


1  5C+ 


1  20* 


9  C+  c 


o 

c 

o 

c 

0 

- o* 

o 

C  0 

c 


60* 


3C  + 


0  + 

0 


c  o 
c  c 
c  c 

C  0 

c  o 
c  o 
c  o 
c 

o 

c 

0  O 

c  c 
c  c 
a  c 
c  o 


c 

0 

c 


0 

■  c — 

/■» 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c  c 


o 

c 

o 

c 

c 

c 

o 

c 

O 

r- 

0 

■c- 


c 

o 


o 

c 

c 

c 


o 
c 
o 
o 
c  o 

■4—  + 


- o 

o 

o 

o 


c 

r 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 


* 

* 

* 

* 

*  * 

*  * 

*  * 

*  *  * 

*  *  * 

*  *  *  * 
*  *  *  * 
*-*-*-*- 
*  *  *  * 

*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  #  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
-+-+ -♦-+■ 
10 

I  <Indian 


* 

* 

♦ 

* 

* 

* 

* 

*- * - 

*  * 

*  * 

*  *  * 

*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 

*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 

*  *  * 
*  *  * 

*  *  * 
*  *  * 

- 

1  5 
Ocean 


* 

* 

*  * 
*  * 
*-  *- 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
*  * 
+  -♦- 


Q  per  at 


* 

* 

* 

* 

* 

* 

* 

* 

* 

*  * 

*  * 

%  *  * 

*  *  * 

*  *  * 
*-*-*- 
*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

♦  *  * 

20 
a  trots 


* 

* 

* 

* 

* 

* 

* 

* 

De  pi 

*-  av 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*  c 

*  c 

*  o 

*  c 

*  c 

*  c 

+  -4- 


cv®?r.i 
er  aae 


c 

0 

c 

r*> 


c  c 


>1 


0  O  0 

c  c  c 

+  -♦- 

25 


Week,  of  Deployment 


Key:  c  WestPac  deployment,  not  in  Indian  Ocear. 
*  Indian  Ocean  operations  (approxi 


mate) 


Figure  5.2  Weekly  Demand  for  Sample  Items. 

In  crier  tc  support  this  increased  demand  period, 
which  is  probably  a  closer  approximation  to  mobilization 
operations  than  the  average  deployment  demand  figures,  the 
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flying  hear  forecast  factor  was  used.  The  results  of  various 
setting  cf  this  factor,  for  both  the  RIMAIR  and  the  propose.! 
models,  are  provided  in  Table  XXVI  . 

Increasing  the  flying  hour  forecast  improves  *he 
effectiveness  achieved  by  both  models,  but  t he  effect  of 
"diminishing  returns"  for  increased  effectiveness  p»r  unit 
added  to  inventory  can  be  seen  in  both  models,  but  is  mere 
extretre  in  the  proposed  model.  It  is  possiDle  that  use  of 
the  finite  population  approximations  would  improve  the 
results  in  the  proposed  model,  but  this  cannot  be  tested. 

The  fact  that  the  proposed  model  was  able  tc  achieve 
0.857  effectiveness  when  using  a  forecast  factor  cf  1.25 
(which  is  the  factor  for  the  RANGER  •  s  heavy  demand  period) 
is  very  satisfactory  considering  the  model  was  set  for  0.90. 
Even  with  the  benefit  of  including  the  301  TAT,  and  using 
the  relaxed  IAT  limits,  the  RIMAIR  model  could  provide  only 
72.97  effectiveness  at  the  same  setting.  The  evidence 
strongly  favers  the  proposed  model  as  being  a  better  model 
of  the  underlying  repair  process  than  is  the  311  AIR  model. 
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TABLE  IX  VI 

Simulation:  Forecasting  Increased  Demand 


Purpose:  To  show  the  results  of  varyina  the  flvir.g 
hour  factors  for  both  models. 


Paramste  rs: 

TAT  limits: 
(days) 

Ectfc  models 
Pin  imuir  TAT:  1 
Safety  levels: 


IP  SKD  3PS  RC1  RC2  AWP 

6  12  35  60 

day. 

0.90  for  the  3 1  MAI  3  model;  0.90 
for  the  admin,  AMP ,  and  resurply 
pipeline;  0.90  overall  for  the 
repair  processes;  and  0.97  for 

repair  process  one  in  the  proposed 
model. 


Results : 

RIMAIR  Model 
Flying  hour  forecast 
1.10  1.25  1.40 

factor 

1.60 

(F) 

2.00 

Demands 

Issues 

2994  2384 

1951  2103 

2864 

2289 

2884 

2436 

2884 

2635 

EXBEEs 

933  731 

_595 

448 

249 

Effect. 

67 7p%  7279* 

79.4* 

84.5* 

9l7  4* 

Allow. 

*234  "259 

~  288 

*318 

~386 

-  -  -  -  - 

Proposed  Model 
Flying  hour  forecast 

1.1C  1.25  1.40 

factor 

1.60 

(F) 

2.  00 

Demands 

I ssuss 

2384  23eu 

2300  2473 

2864 

2579 

2884 

2702 

2884 

2792 

SXREPs 

584  4  11 

305 

132 

92 

Effect . 

7  97  is  35  7r* 

3977* 

9377* 

9*6  7i* 

Allow. 

281  329 

~374 

"u  38 

~5  89 

Delta  bet 

ween  models  at  the 

same  F  f 

actcr: 

Issues 

Allow. 

♦349  +370 

♦  47  ♦  70 

+  290 
♦  8b 

♦  266 
♦  130 

♦  157 

♦  203 

VI.  §OflSl£J#  COSC LOS IONS.  AND  BBCOBflEM CATIONS 


A.  SOHHAHI  OP  BES0LTS 

The  support  problems  experienced  by  Navy  activities 
during  periods  of  heavy  deaand  for  aviation  repairables  nay 
be  partially  due  to  the  aodel  being  used  f c:  ccrput.’.ng 
inventory  allowances.  The  current  aodel  and  tea  5lh.HR 
aodel  that  is  soon  to  be  implemented  share  some  ssrrous 
deficiencies.  The  deficiencies  fall  in  two  general  catego¬ 
ries:  the  method  of  using  input  data,  and  the  model  which 
results  from  assuaing  an  unliaited- capacity  repair  process. 
Analysis  cf  the  data  frea  the  1933  deployment  cf  the  'JSS 
BANG  HE  (CV-61)  lad  tc  development  of  an  alternate  model  that 
corrects  sene  of  these  deficiencies. 

1  •  Il£iJt  Oata 

Seth  the  current  and  RIMAIR  models  use  the  aviation 
3-S  maintenance  data  base  extensively  for  computing  allow¬ 
ances.  This  data  base  has  a  number  cf  deficiencies  tha- 
hamper  the  effective  cess  of  any  model.  The  twe  major  problem 
areas  addressed  in  this  thesis  are  the  lack:  of  time  drscria- 
inaticr.  in  the  measurement  cf  repair  turnaround  time  ar.d  the 
upper  limits  (constraints)  that  are  applied  to  turnaround 
tiae  ebservations  before  using  them  for  allcwar.ee  computa¬ 
tion  . 

The  lack  of  TAT  discrimination  is  inherent  in  the 
current  mechanized  data  collection  system  in  that  ths  time 
that  actions  occur  is  recorded  only  with  the  resolution  of  1 
day.  Ihe  result  is  that  3  5*  of  the  maintenance  actions  in 
the  sample  were  recorded  as  taking  zero  days  tc  complete. 
This  obviously  understates  the  actual  time  needed  for 
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processing,  resulting  in  understated  allowances.  The  ca  fa¬ 
tality  exists  tc  correct  this:  man-hours  and  flicht-hours 
are  both  documented  because  the  need  to  provide  that  level 
of  time  discrimination  was  recognized. 
Fepair-prccessing-hours  could  likewise  be  provided.  Use  of  a 
cte-day  ainimum  TAT  is  a  simple  way  to  compensate  for  the 
problem;  this  proved  to  have  a  positive  effect  during  simu¬ 
lation.  The  effectiveness  of  the  RIMAIR  model  was  improved 
1%  when  the  cne-day  minimum  TAT  was  used;  the  proposed  model 
showed  a  10  5?  improvement. 

The  current  model  and  the  RIMAIR  model  both  use  TAT 
limits  that  are  overly  conservative  and  which  cause  fcrscas- 
repair  times  (and  the  associated  repair  pipeline  quantities) 
to  be  significantly  less  than  those  that  were  actually  expe¬ 
rienced.  The  current  limits  are  so  severe  that  they  inhibit 
the  ability  of  the  inventory  moiel  to  provide  adequate 
support .  The  RIMAIR  model  performance  improved  more  that  17’' 
in  the  simulation  when  relaxed  limits  were  applied. 
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system  is  well  documented;  capacity  constraints 
systems  exist  as  well. 

Tie  current  and  9.I3AI3  m-dels  aiso  assume  * 
tl.  it  are  !-clired  TCh  and  *.)  the  whclssa 

i  nc  a  7  pr  2c  ia  ole  time  ir.  1  h  repair  sysner 
assumption  _s  false:  *.n  ?  332  1  nine  in  tie  sample 
d-'clared  ECr  spent  an  average  of  9.9  days  in  rh 
cycle:  the  5754  SCS  units  m  -is  entire  RANGE!?, 

spent  ar.  average  of  7 

exclusion  ci  TAT  for  - _ •. «  _ _ 

commutation  oroceiure  systematically  discrimir.at 

rtemot  to  fulfill  ~neir  mission 
as  aar.y  units  as  possible. 

3.  A  Different  Ho  del 


Analysis  of  the  sample  data  provided  many  insights 
into  the  repair  process.  Among  the  important  results  w^re 
proof  that  some  of  the  time  elements  currently  used  to 
compute  TAT  were  ret  statistically  independent  and  that 
repair  actions  were  net  homogeneous.  These  two  results  and 
the  fact  that  capacity  ccnstrarr.ts  do  exist  in  the  repair 
process  lei  to  development  of  an  alternate  allowance  compu¬ 
tation  mcdsl.  The  proposed  model  hypothesized  two  separata 
repair  processes  d istin  gui shed  by  the  existence  or  absence 
of  awaiting  parts  time  ar.i  modelled  oy  the  9/1/1  queueing 
mciel.  Simulation  results  indicated  that  the  prcpos=d  model 
provided  fc '  *  -  a  r  protection  than  ---  3I.1AIB  model  for  the  79 
hi;l-c«!ta: ,d  :r.  vert  cry  it -ms  s-uii 


E.  CCBCIOSICNS 

1 .  I  he  RIM  A  IB  Model 

The  F.IMAIR  model  is  a  better  model  than  the  model 
currently  in  use  in  that  it  provides  some  measure  cf  protec¬ 
tion  for  attrition  items.  It  is  deficient  in  the  exclusion 
cf  BCS  TAT  in  the  pipeline.  The  manner  nn  which  the  Poisson 
distribution  is  used  to  compute  allowances  also  causes 
allowances  to  be  understated  because  of  the  implicit  assump¬ 
tion  that  there  are  always  adequately  many  servers 
available,  regardless  cf  forecast  increases  ir.  demand.  last, 
the  current  method  fcr  truncating  recorded  turnaround  times 
seriously  reduces  the  estimated  average  TAT  values  which  are 
model  inputs. 

The  SIMA  IB  model  was  used  in  the  simulation  without 
the  ore  unit  operating  level  so  that  the  ability  of  the 
underlying  model,  which  uses  the  Poisson  distribution  to 
provide  protection  tc  the  pipeline  quantity,  could  be  exam¬ 
ined.  The  result  was  that  the  HIMAI3  model  only  provided 
allowances  sufficient  to  fill  43.614  of  the  2894  demands  in 
the  sample  from  off-the-shelf  RFI  material.  This  poor 
performance  is  masked  when  the  one  unit  operating  level  is 
applied.  The  addition  of  the  one  unit  operating  level  to 
the  allowances  for  the  high-demand  items  was  shown  to 
provide  effectiveness  above  90*  fcr  both  models.  The  auto¬ 
matic  addition  of  a  unit  operating  level  to  allowances  for 
medium-  and  slow-moving  items  may  not  be  warranted,  however. 

2.  The  Propose  d  Mod  el 

The  proposed  model  attempts  to  correct  the  major 
problems  with  the  RIMAIR  model  by  including  BCM  TAT  in  the 
repair  cycle  time  and  by  explicitly  considering  limits  or. 
the  available  repair  capacity.  While  the  malfunction  code  is 
probably  the  best  discriminator  to  indicate  the  complexity 
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of  the  repair  an  item  undergoes,  the  existence  or  atser.ce  of 
AHP  time  was  found  +  c  be  an  acceptable  substitute.  Two  sepa¬ 
rate  repair  processes  ware  defined  by  the  existence  or 
absence  cf  AWP  tiae.  Allowances  coaputsd  by  the  proposed 
model  were  generally  egual  to  or  greater  than  the  allowances 
generated  by  the  RIMAIR  modal.  This  is  the  expected  result 
cf  assuming  limited  repair  capacity. 

Allcwances  generated  by  the  proposed  model  provided 
tetter  performance  in  simulations  for  forecast  demand  rates 
up  to  251  higher  than  the  observed  demand  rate.  Degraded 
performance  was  obtained  when  demand  increases  of  uO?  or 
higner  were  forecast  because  the  demand  rates  of  sene  items 
approached  cr  exceeded  the  capacity  of  the  repair  process. 
This  result  revealed  the  necessity  for  using  finite  popula¬ 
tion  formulae  for  calculating  queue  size  when  the  traffic 
intensity  approaches  cr  exceeds  unity.  Lack  of  population 
size  for  the  sample  items  significantly  hampered  this 
research  effort;  further  studies  should  include  it  in  the 
data  base. 

C.  R  ECO H HER CATIONS 

1 .  Cat a  Bass  Problems 

Considerable  work  is  currently  being  dene  on  the 
aviation  3-M  data  collection  system  to  improve  the  accuracy 
and  completeness  of  the  data  base.  Additional  werk  is 
required  to  ensure  data  necessary  fer  proper  supply  support 
is  collected.  The  current  system  records  dates  appropriate 
to  managing  a  unit’s  physical  location  in  the  maintenance 
system,  but  this  is  net  necessarily  the  information  required 
for  measuring  support  factors.  Data  for  off-the-shelf  tiae, 
repair  capacity,  repair  rate,  and  expected  waiting  time  are 
all  needed  if  iaproveaents  are  to  be  made  in  ‘he  support 
3ystea.  Additionally,  it  is  important  to  record  the  changes 
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't 


that  cccur  in  these  factors  as  demand  increases  ir.  c rder  to 
forecast  mobilization  requirements.  Therefore,  -hrse 

improvements  in  the  data  base  are  recommended  based  or.  the 
lessons  learned  in  researching  this  thesis.  First,  the  data 
base  used  fcr  allowance  computation  must  be  expanded  to 
include  time  off-the-shelf  for  RFI  repairable  components  and 
not  just  the  maintenance  time  associated  with  NRFI  units. 
Second,  the  data  base  must  be  able  to  discriminate  repair 
process  times  in  hours  instead  of  days.  Third,  the  data 
collection  system  must  record  information  about  repair- 
capacities,  repair  rates,  and  waiting  times. 

The  existing  turnaround  limits  must  be  changed  if 
adequate  support  fcr  the  operating  forces  is  to  be  achieved. 
There  are  many  ways  to  detect  atypical  observations  in  a 
data  base;  the  inventory  models  in  use  for  consumable  items 
have  demand  filters  to  test  the  data  observations.  Each 
demand  observation  can  be  accepted  or  rejected  as  an  curlier 
if  the  demand  observation  is  significantly  different  from 
the  item's  recent  history.  There  is  no  reason  why  a  similar 
filter  fcr  retail  repairable  items,  which  are  more  directly 
associated  with  readiness,  cculd  not  be  developed. 

The  idea  that  TAT  limits  should  serve  as  manages sn" 
goals  is  not  acceptable  if  fcr  no  other  reason  than  that  the 
current  TAT  limits  are  routinely  exceeded  specifically 
because  of  operating  policy  provided  by  higher  authority. 
Operators  are  frequently  required  to  provide  cff-staticn 
suppcrt,  thereby  exceeding  the  one  day  in-procsss  time 
limit.  Operators  are  required  to  attempt  time-consuming 
fault  isolation  and  repair  for  extremely  difficult  aalfurc- 
tiocs  in  crder  to  minimiza  the  number  of  units  returned  to 
wholesale  repair  depots,  and  they  are  also  frequently 
required  tc  hold  AMP  material  thirty  lays,  sixty  days,  cr 
longer  in  attempts  to  obtain  piece-parts  that  may  net  be 
available.  The  operators'  reward  for  performing  these 
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■Tasks,  and  doing  them  well  in  many  cases,  is  to  find  than 
somecte  at  ASO  disregarded  much  of  the  data  reflecting  what 
really  occurred  in  order  to  comply  with  the  car.dated  limits. 

2 .  Sign- homogeneous  Repair  Processes 

The  data  base  showed  that  there  were  significant 
differences  in  the  times  necessary  to  perform  various  types 
cf  repairs,  particularly  with  respect  to  the  type  of 
malfunction  that  occurred.  It  may  be  possible  to  signifi¬ 
cantly  improve  on  the  results  obtained  in  this  -he sis  if 
malfunction  codes  can  be  subclassified  into  groups  that 
would  facilitate  the  identification  cf  the  theorized 
type-cne  and  type-two  repair  processes.  Alt  ernat sly ,  each 
inventory  item  might  have  only  two  or  three  malfunction 
codes  normally  applied  to  it.  Identification  of  chase  might 
also  provide  the  capability  to  identify  the  two  repair 
processes.  In  either  case,  classification  by  malfunction 
appears  to  provide  a  more  acceptable  model  for  use  in 
allowance  computation  and  in  logistics  support  analysis. 

The  absence  cr  existence  cf  AH?  is  recognized  to  be 
a  function  cf  both  the  malfunction  and  cf  the  piece-part 
support  that  exists  at  an  activity  at  a  given  time. 
Consequently,  the  percentage  of  items  likely  to  go  AiiP  will 
probably  vary  consideraDly  for  the  same  item  from  one 
activity  tc  another.  The  percentage  or  malfunctions  cf  any 
one  type  generated  by  similar  flight  operations  should  net 
vary  as  much.  Additionally,  the  identification,  cf  problem 
malfunctions  and  the  impact  they  have  on  inventory  support 
and  readiness  could  aid  level  of  repair  analysis  and  help  to 
identify  ether  maintainability  problems. 


3.  F  u  r  t  he  r  gtu  jy 

Further  study  of  tae  Navy’s  intermediate  maintenance 
system  and  the  supply  support  it  requires  is  both  strongly 
recommended  and  vitally  needed.  Intermediate  maintenance 
dees  not  receive  much  visibility  primarily  because  indi¬ 
vidual  activities  are  small  compared  to  the  depot  rework 
sites.  In  aggregate,  however,  they  are  larger  than  the 
depots  ara  are  more  closely  related  to  day-to-day  aviation 


APPENDIX  1 

OSS  BANGER  SABPLE  DATA 

The  following  tables  provide  more  complete,  information 


about  the 

sample  data  used  in  the  thesis. 

TABLE 

Iltle 

XXVII 

Sample  Item  List 

XXVIII 

Special  Material  Identification  Code 

XXIX 

When  Discovered  Code 

XXX 

Type  Maintenance  Code 

XXXI 

Action  Taken  Code 

XXXII 

Malfunction  Code 

XXXIII 

In-Process  Days 

XXXIV 

Scheduling  Days 

XXXV 

Repair  Cays 

XXXVI 

Awaiting  Parts  Days 

XXXVII 

Turnaround  Time 

XXXVIII 

Repair  Process  One  Cycle  Time 

XXXIX 

Repair  Process  Two  Cycle  Time 

XL 

Crosstatula  tion  of  8CM  and  AWP  Actions 

133 

i 


cog 


25 

2R 

25 

25 

15  D 

2R 

25 

25 

25 

85 

8R 

85 

85 

85 

65 

85 

85 

85 

8R 

25 

25 

25 

25 

25 

65 

85 

25 

25 

25 

25 

65 

25 

25 

25 

25 

25 

25 

25 

2R 

2R 

25 

25 

25 

25 

25 

2R 

25 

25 

25 

25 

25 

25 

2R 

25 

85 

2R 

25 

25 


mm 


table  xxvii 

Sa»ple  Iten  List 

#  of  actions 


CO 

CO 

CO 

00 

CO 

CO 

00 

00 

00 

30 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

CO 

00 

00 

00 

00 

00 


00 

GO 

00 

CO 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

CO 

00 

01 

01 

Cl 

Cl 


C01 
004 
067 
068 
C83 
084 
101 
103 
108 
1  10 
110 
121 
121 
121 
122 
123 
123 
123 
123 
127 
133 
137 
140 
140 
142 

148 

149 
164 
168 
168 
168 
179 
182 
186 
257 
232 
400 
413 
431 
567 
567 
612 
6  30 
1 17 
729 
738 
792 

8  ("4 
6  10 
8  10 
900 

9  30 
933 
935 
C04 
004 
004 
009 


66  3  6 
1259 
7633 
1555 
352  1 
3737 
6830 
350  3 
9394 
093  8 
626  2 
693  2 
5946 
7299 
81 1  2 
678  1 
8886 
936  9 
9376 
0189 
923  7 
645  9 
070  1 
177  5 
551  2 
3475 
1319 
599  1 
5105 
8398 
376  9 
9186 
3006 
2954 
2273 
4137 
1202 
2Q  9  0 
6234 
454  8 
454  9 
263  7 
232  8 
610  1 
137  1 
5993 
5303 
5803 
0136 
014  0 
3081 
2659 
3790 
0137 
1603 
16  14 
754  6 
2534 


26 

30 

64 

23 
38 

24 
21 
20 

23 

24 
24 
24 
23 
70 
43 
36 
43 
84 
27 
22 

20 

43 
31 
97 
47 

44 
2b 

21 
21 

38 

39 
24 
24 
29 

24 

23 
26 
22 
22 
22 
22 
20 

24 
28 
23 
38 

102 

34 

23 

37 

20 

23 

41 

43 

20 

24 
20 


NIIN 


#  of  actions 


cog 


8  R 
2R 
2R 
2R 
2R 
8R 
2R 
8R 
2R 
2R 
2R 
8R 
1 R 
2R 
2R 
2R 
8  R 
2R 
9R 
6R 
2  R 


Cl 

009 

8855 

21 

Cl 

C  11 

0736 

67 

Cl 

on 

0855 

26 

Cl 

oil 

3797 

31 

01 

oil 

348  0 

20 

Cl 

013 

8638 

28 

01 

0  14 

1878 

48 

Cl 

C  17 

5299 

96 

01 

021 

350  3 

34 

Cl 

C25 

331  1 

6  7 

01 

027 

8706 

1  12 

Cl 

C29 

4982 

64 

Cl 

034 

048  3 

6  7 

Cl 

C  34 

9500 

25 

01 

C4Q 

2203 

46 

Cl 

052 

04  7  0 

3  5 

01 

066 

326  5 

35 

Cl 

072 

7385 

5  1 

01 

073 

447  5 

44 

Cl 

C79 

421  8 

6  7 

01 

090 

5830 

20 

135 
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TABLE  XX?III 

Special  Material  Identification  Code 


CATEGORY  I A  EEL 

CODE 

ABSOLUTE 

FREQ 

RELATIVE 

FREC 

(PC?) 

CU* 

FFrQ 

(PCI) 

SPC  FRO J  :  A  M  IS 

AZ 

107 

3.7 

3.7 

3-3  A 

CS 

247 

3.6 

12.3 

AWG-9  <F-14A> 

CY 

653 

22.6 

34.9 

PROJECT  SHCEHORN 

DZ 

7  6 

2.6 

37.6 

S-2C 

EE 

5  1 

1.8 

39.3 

COM  MCN  ELECTRONICS 

EX 

36 

1  .2 

4  C  .  6 

A-  6 

FA 

15  6 

5.4 

46.0 

SA-6E  <SXCA?> 

FE 

175 

6.1 

52.0 

COMMON  ELECTRONICS 

FX 

37 

1  -  3 

53.3 

SPC  EFOJ-GFE 

FZ 

24  2 

8.4 

61.7 

A- 7 

GA 

24 

3.9 

6  2.6 

SH-2F-S  <L  A  MPS  > 

ARC-  159 

HZ 

133 

4.8 

67.3 

JZ 

32 

1.1 

68.4 

F-4 

M? 

23 

0.8 

69.2 

F-  1  4  A 

PF 

143 

5.0 

74.2 

APN-153 

PZ 

48 

1.7 

75.9 

A-6  E 

RA 

1 1  1 

3.8 

79.7 

SPECIAL  SOEEORT 

3X 

36 

1  •  4. 

81  .0 

ASN-92  <CA I NS> 

sz 

33  1 

11.5 

92.4 

A-7  E 

TA 

6  6 

2.3 

Q4 .7 

SPC  EROJ-TACAN 

TZ 

6  1 

2.  1 

96.8 

A  ?  N  -  19  4 

WZ 

24 

0.8 

97.7 

ALQ -  126 

ZZ 

67 

2.3 

100.0 

TOTAL 

2334 

100.0 

100.0 

136 


TABLE  XXIX 

Hhen  Discovered  Code 


CATEGORY  LABEL 

CODE 

ABSOLUTE 

FREQ 

RELATIVE 

FREQ 

(PCTJ 

CUM 

FREQ 

(PCI) 

BEF  FLIGHT- AC- ABORT 

A 

7 

0.2 

C .  2 

EEF  FIIGHT-AC-NO  ABORT 

3 

109 

3.7 

4.0 

INFLIGHT-ABCFT 

C 

40 

1.4 

5 .4 

INFLIGHT-NO  ABORT 

D 

1187 

41.2 

46.5 

AFT  FI,EETW  FL-AC 
PILOT-NFO  meekly  ins 

P 

9 

0.3 

46.9 

F 

2 

0.  1 

46.9 

ACC-TRANS  INS 

G 

1 

0.0 

46.0 

EETW  FL-GRCUND  C RE W 

H 

89  1 

30.9 

77.8 

DAILY  INS 

J 

<3 

0.3 

78.1 

PEE  FL-PST  FL,TA  INS 
SPEC  III  INS 

K 

5 

0.2 

78.3 

L 

95 

3.3 

01  .6 

CALENCAR  INS 

M 

1 

0.0 

31.6 

FUNC  CHECKFIIGHT 

0 

1  9 

O.S 

82.2 

CONDITIONAL  INS 

Q 

5  9 

2.0 

84.3 

QUALITY  ASSURE  INS 

R 

4 

0.1 

3u  . 4 

SCHEDULED  CALI 3 

T 

1 

0.0 

84.4 

RELATED  SAINT  ACT 

V 

2 

0.1 

84.5 

IN-SHCP  RFR  OR  MAINT 

H 

18  1 

6.3 

90.8 

RCPT, KI1HD  F K  SUEPLY 

Y 

135 

4.7 

95  .5 

ADMIN 

0 

13  1 

4.5 

100.0 

TOT  AL 

2384 

100.0 

100.0 

Type 

CATEGORY  LABEL 

TABLE  XXX 

Maintenance  Code 

ABSOLUTE 
CODE  FREQ 

RELATIVE 

FREQ 

(FCT) 

CUM 

FREQ 

(PCI) 

UNSCHED  MAINT 

3 

273  7 

94.9 

94  .9 

DAILY, PST  FL  INS 
ACC-TRANS  INS 

D 

130 

4.5 

99.4 

S 

1 

0.0 

99.4 

PHASED  INS 

G 

3 

0.1 

99.5 

LOCAI  MANUFACTURE 

L 

3 

0.1 

99.7 

CYCLE, EVENT  SPEC  INS 
CALENDAR, H  A JO  fl  INS 

N 

7 

0.2 

99.9 

D 

1 

0.0 

99.9 

CONDITIONAL  INS 

S 

2 

0.1 

100.0 

TOTAL 

2884 

100.0 

100.0 

"1. 


TABLE  XXXI 

Action  TaKen  Code 

RELATIVE  CUM 


CATEGORY  LABEL 

CODE 

ABSOLUTS 

FREQ 

FREQ 

(PCT) 

FREQ 

(RCf) 

NO  FEB  BCD 

A 

50  3 

17.4 

17.4 

REPAIR 

C 

198  0 

68.7 

86.1 

KORK  STCF 

D 

1  1 

0.4 

86.5 

COR RCSICN  TREATMENT 

Z 

7 

0.2 

86.7 

LOO K  INS.CLCS  EOUT 
3CM-SER  NCI  ACJTH 

0 

1 

0.0 

36.3 

1 

134 

4.6 

91.4 

BCH-IACK  ECDI? 

2 

2 

0. 1 

91.5 

BCM-IACK  PARTS 

4 

87 

3.0 

94.5 

3CB-F AILS  CHK.T1ST 
BCN-BEYCND  AUTH  CAP 

5 

47 

1.6 

96.1 

7 

IQ  6 

3.7 

99.8 

BCM-ADMIN 

8 

6 

0.2 

10C.0 

TOT  AL 

2884 

100.0 

100.0 

138 


table  xzzii 
Malfunction  Code 


CODE 


ADJ  CUM 

FREQ  FCT  PCT  CODE 


000 

001 

1 

1 

8 

0 

0 

003 

1 

0 

0 

C07 

6 

0 

0 

008 

1 

0 

0 

C20 

8 

0 

1 

028 

1 

0 

1 

C25 

1 

0 

1 

037 

1  1 

0 

1 

070 

105 

4 

5 

076 

1 

0 

5 

080 

4 

0 

086 

1 

0 

5 

OSO 

1 

0 

5 

093 

9 

0 

5 

101 

1 

0 

5 

105 

8 

0 

6 

109 

1 

0 

6 

121 

2 

0 

6 

124 

2 

0 

6 

127 

555 

19 

25 

135 

5 

a 

25 

150 

1 

0 

25 

160 

114 

4 

29 

161 

123 

4 

33 

164 

1 

0 

34 

16  7 

5 

0 

34 

169 

225 

8 

42 

170 

24 

1 

42 

185 

3 

0 

42 

190 

1 

0 

42 

215 

3 

0 

43 

227 

1 

0 

43 

232 

1 

0 

43 

242 

127 

4 

47 

255 

149 

5 

52 

257 

3 

0 

52 

28  1 

2 

0 

52 

282 

28 

1 

53 

283 

1 

0 

53 

290 

351 

12 

66 

293 

1 

0 

66 

294 

7 

0 

66 

299 

1 

0 

66 

301 

1 

0 

66 

ADJ  CUM 
FREQ  PCT  PCT 


306 

5 

0 

66 

303 

1 

0 

66 

374 

118 

4 

70 

361 

39 

1 

72 

383 

21 

1 

72 

394 

1 

0 

72 

425 

1 

0 

72 

429 

10 

0 

73 

437 

2 

0 

73 

450 

14 

0 

73 

479 

1 

0 

73 

520 

1 

0 

73 

576 

1 

0 

73 

601 

1 

0 

73 

615 

21 

1 

74 

622 

33 

1 

75 

649 

1 

0 

75 

679 

1 

0 

75 

692 

4 

0 

75 

704 

4 

0 

76 

705 

29 

1 

77 

707 

34 

1 

78 

725 

727 

1 

1 

0 

0 

73 

78 

730 

14 

0 

78 

766 

1 

0 

78 

7  80 

4 

0 

79 

782 

2 

0 

79 

786 

6 

0 

79 

797 

14 

0 

79 

799 

372 

13 

92 

804 

126 

4 

97 

305 

4 

0 

97 

806 

8 

0 

97 

811 

11 

0 

97 

916 

1 

0 

97 

878 

1 

0 

97 

900 

11 

0 

98 

935 

1 

0 

98 

957 

9 

0 

98 

958 

28 

1 

99 

96  2 

16 

1 

100 

970 

1 

0 

1  00 

988 

8 

0 

100 

139 


TAB  LB  XXXIII 
In-Process  Days 


#  of 

ADJ 

CUM 

#  of 

ADJ 

CUM 

days 

FREQ 

FCT 

FCT 

days 

FREQ 

FCT 

FCT 

0 

2427 

84 

84 

13 

3 

0 

99 

1 

332 

12 

96 

15 

1 

0 

99 

2 

32 

1 

97 

18 

3 

0 

99 

3 

13 

0 

97 

20 

3 

0 

10  0 

4 

6 

0 

97 

22 

1 

0 

100 

5 

11 

0 

98 

27 

1 

0 

100 

6 

1C 

0 

98 

38 

1 

0 

100 

7 

13 

0 

99 

47 

1 

0 

100 

8 

5 

0 

99 

49 

1 

0 

100 

9 

4 

0 

99 

70 

1 

0 

10C 

10 

2 

0 

99 

1  00 

4 

0 

100 

11 

5 

0 

99 

101 

2 

0 

100 

12 

2 

0 

99 

A.  Statistics:  Unconstrained 

MEAN  0.646  MEDIAN  0.094 

STD  CEV  5.200  VARIANCE  27.038 

KURTCSI5  296.265  SKEWNESS  16.385 

MINIEUM  0  days  MAXIMUM  101  days 

E.  Statistics:  Current  Constraint  1  day 


MEAN 
STD  CEV 
KURTCSI S 
MIN  I  BUM 


0.158 
0.365 
1.504 
0  days 


MEDIAN 

VARIANCE 

SKEWNESS 

MAXIMUM 


C.  Statistics:  Proposed  Constraint  6  days 


MEAN  0.309  MEDIAN  0.094 

STD  CEV  1.010  VARIANCE  1.020 

KURTCSTS  21.578  SKEWNESS  4.548 

MINIBUM  0  days  MAXIMUM  6  days 
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TABLE  XXXIV 

Scheduling  Days 


#  of 

ADJ 

CUM 

days 

FREQ 

ECT 

ECT 

0 

1 

2ffl 

76 

94 

2 

65 

2 

96 

3 

24 

1 

97 

4 

18 

1 

97 

5 

10 

0 

98 

6 

16 

1 

98 

7 

6 

0 

99 

8 

4 

0 

99 

9 

4 

0 

99 

10 

5 

0 

99 

11 

1 

0 

99 

12 

3 

0 

99 

13 

3 

0 

99 

#  Of 
days 

PS  EQ 

ADJ 

FCT 

CUM 
PC  T 

14 

3 

0 

99 

15 

3 

0 

99 

16 

1 

0 

100 

17 

2 

0 

100 

18 

2 

Q 

100 

19 

1 

0 

100 

20 

1 

0 

100 

23 

1 

0 

100 

26 

2 

c 

100 

27 

1 

0 

100 

30 

2 

c 

100 

31 

1 

0 

100 

32 

1 

0 

100 

A.  statistics:  Unconstrained 


MEAN 
STD  EEV 
KU3TCSIS 
MINIMUM 


0.557 
2.167 
92.198 
0  days 


M  EDIAN 
VARIANCE 
S  KEWN5SS 
MAXIMUM 


MEAN 
STD  CSV 
KUKICSIS 
MINIMUM 


8:H! 

5.584 
0  day: 


MEDIAN 

VARIANCE 

SKEWNESS 

MAXIMUM 


0.  155 
4.694 
8.  597 
32  day: 


E.  Statistics:  Current  constraint  3  days 


0.  155 
0.  509 
2.417 
32  day; 


TABLE  XXXV 
Repair  Days 


#  of 
days 

FREQ 

ADJ 

ECT 

CUM 

PCT 

0 

1791 

62 

62 

1 

660 

23 

85 

2 

164 

6 

91 

3 

60 

2 

93 

4 

37 

1 

94 

5 

28 

1 

95 

6 

21 

1 

96 

7 

13 

0 

96 

8 

12 

0 

97 

9 

10 

0 

97 

10 

6 

0 

97 

11 

9 

0 

97 

12 

2 

0 

98 

13 

4 

0 

98 

14 

4 

0 

98 

15 

5 

0 

98 

16 

4 

0 

98 

17 

4 

0 

98 

18 

7 

0 

99 

19 

3 

0 

99 

20 

5 

0 

99 

21 

3 

0 

99 

#  cf 
days 

FREQ 

ADJ 

PCT 

CUM 

?CT 

22 

2 

0 

99 

23 

1 

0 

99 

24 

1 

0 

99 

25 

5 

0 

99 

26 

3 

0 

99 

27 

1 

0 

99 

29 

1 

0 

99 

30 

1 

0 

99 

31 

1 

0 

99 

32 

3 

0 

100 

36 

1 

0 

100 

39 

1 

0 

1  00 

41 

1 

0 

100 

42 

1 

0 

100 

43 

1 

0 

100 

46 

1 

0 

100 

48 

1 

0 

too 

53 

1 

0 

100 

56 

2 

0 

100 

60 

1 

0 

1  00 

66 

1 

0 

100 

72 

1 

0 

100 

A.  Statistics:  Unconstrained 


ME  AS 
STD  CEV 
KURTCSIS 
MINIMUM 


78.221 
0  days 


MEDIAN 
VARIANCE 
S  KEWNES3 
MAXIMUM 


MEAN 
STD  CEV 
KURTCSIS 
MINIMUM 


0.886 
1  .798 
7.915 
0  days 


MEDIAN 
VARIANCE 
S  KZWNESS 
MAXIMUM 


0.  30  5 
21.811 
7. 790 
72  days 


E.  Statistics:  Currant  constraint  8  days 


9.  30  5 
3.  234 
2.  867 
3  days 


TABLE  XXXVI 
Awaiting  Parts  Days 


f  of 

ADJ 

COW 

#  of 

ADJ 

COM 

days 

FREQ 

ECT 

ECT 

days 

FREQ 

PCT 

PCT 

0 

2465 

—  _ 

_  _ 

31 

2 

1 

87 

1 

82 

21 

21 

32 

2 

1 

88 

2 

25 

6 

27 

33 

3 

1 

89 

3 

13 

3 

30 

34 

2 

1 

89 

4 

15 

4 

34 

35 

7 

2 

91 

5 

12 

3 

37 

36 

3 

1 

92 

6 

15 

4 

4  1 

37 

2 

1 

92 

7 

19 

5 

45 

38 

3 

1 

93 

8 

17 

4 

50 

39 

2 

1 

93 

9 

16 

4 

54 

40 

1 

0 

94 

10 

15 

4 

57 

42 

2 

1 

94 

11 

11 

3 

60 

43 

2 

1 

95 

12 

11 

3 

63 

44 

1 

0 

95 

13 

10 

3 

65 

46 

2 

1 

95 

14 

7 

2 

67 

47 

1 

0 

96 

15 

9 

2 

69 

48 

2 

0 

96 

16 

9 

2 

72 

49 

1 

0 

96 

17 

6 

2 

73 

50 

1 

0 

97 

18 

6 

2 

75 

51 

1 

0 

97 

19 

4 

1 

76 

52 

1 

0 

97 

20 

4 

1 

77 

53 

2 

0 

98 

21 

6 

2 

78 

55 

1 

0 

98 

22 

6 

2 

80 

56 

1 

0 

98 

23 

4 

1 

81 

60 

1 

0 

98 

24 

3 

1 

82 

61 

1 

0 

99 

25 

3 

1 

82 

62 

1 

0 

99 

26 

3 

1 

83 

67 

1 

c 

99 

27 

3 

1 

84 

69 

1 

0 

99 

23 

6 

2 

85 

70 

1 

0 

100 

29 

4 

1 

86 

95 

1 

0 

100 

30 

2 

1 

37 

98 

1 

0 

100 

Note : 

Percentage 

s  are  p 

ercentages 

for  act 

ions 

wi 

Total 

actions 

2  884 

Total 

action 

S  VI 

th  AfcF 

399 

A.  Statistics:  Unconstrained  -  actions  with  AWP 


MEAN 

13.714 

MEDIAN 

3.594 

STD  CSV 

15.318 

VARIANCE 

234. u56 

KORTOSIS 

5.079 

SKEWNESS 

1. 977 

MINIMUM 

1  day 

MAXIMOM 

98  days 

!.  Statistics: 

Constraint 

2  0  days  - 

actions  w/AWp 

MEAN 

9.350 

N  EDIAN 

8.594 

STD  CEV 

7.386 

V  ARIANCE 

54. 555 

KOR TOSIS 

-  1 .499 

SKEWNESS 

0.  221 

minimum 

1  day 

MAXIMUM 

20  days 

Statistics: 

C  oust  raint 

60  days  - 

actions  w/AWP 

MEAN 

13.459 

fl EDIAN 

8.594 

STD  CEV 

14.268 

V  ARIANCE 

203.570 

KORTCSIS 

1.701 

SKEWNESS 

1.493 

MINIEOM 

1  day 

MAXIMUM 

60  days 

AH 
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TAB  LB  XXXVII 
Turna round  Tiie 


#  of 

ADJ 

CUM 

#  of 

ADJ 

COM 

days 

FFEQ 

SCT 

PCT 

days 

FREQ 

PCT 

PCT 

0 

1016 

35 

35 

40 

6 

0 

98 

1 

884 

31 

66 

41 

3 

0 

98 

2 

297 

10 

76 

42 

3 

0 

98 

3 

S9 

3 

80 

43 

1 

0 

98 

4 

57 

2 

82 

44 

3 

0 

98 

5 

52 

2 

83 

45 

1 

0 

98 

6 

43 

1 

85 

46 

1 

0 

98 

7 

35 

1 

86 

47 

3 

0 

98 

8 

29 

1 

87 

48 

1 

0 

98 

9 

34 

1 

88 

50 

3 

0 

98 

10 

27 

1 

89 

51 

2 

0 

98 

11 

21 

1 

90 

52 

1 

0 

98 

12 

12 

0 

90 

53 

3 

0 

99 

13 

13 

0 

91 

54 

2 

0 

99 

14 

18 

1 

91 

55 

3 

0 

99 

15 

14 

0 

92 

56 

3 

0 

99 

16 

13 

0 

92 

57 

1 

0 

99 

17 

13 

0 

93 

53 

2 

0 

99 

18 

14 

0 

93 

59 

1 

0 

OQ 

19 

16 

1 

94 

61 

1 

0 

99 

20 

7 

0 

94 

62 

5 

0 

99 

21 

8 

0 

94 

63 

1 

0 

99 

22 

12 

0 

95 

64 

1 

0 

99 

23 

6 

0 

95 

66 

2 

0 

99 

24 

4 

0 

95 

67 

1 

0 

99 

25 

8 

0 

95 

68 

1 

0 

99 

26 

7 

0 

96 

70 

2 

0 

99 

27 

7 

0 

96 

73 

1 

0 

99 

28 

9 

0 

96 

75 

1 

0 

100 

29 

7 

0 

96 

76 

1 

0 

100 

30 

5 

0 

97 

76 

1 

0 

100 

31 

2 

0 

97 

92 

1 

0 

100 

32 

8 

0 

97 

88 

1 

0 

100 

33 

5 

0 

97 

89 

1 

0 

100 

34 

1 

0 

97 

94 

1 

0 

1  00 

35 

4 

0 

97 

100 

3 

0 

100 

36 

1 

0 

97 

101 

4 

0 

1  00 

37 

1 

0 

97 

105 

1 

0 

100 

3e 

2 

0 

97 

A.  St 

atisti i 

cs:  Unconstrained 

M  SAN 

4 

.439 

MEDIAN 

0.982 

STD 

EE  V 

1 1 

.225 

V  ARIANCE 

126.011 

KURTCSIS 

27 

.767 

SKEWNESS 

4.  755 

MINIBUS 

0 

days 

MAXIMUM 

105  days 

E.  Statistii 

cs;  Current 

cons  traints 

(TAT 

=IP ♦SKD+R 

SEAN 

2 

.743 

MEDIAN 

0.  959 

STD 

EEV 

5 

.363 

VARIANCE 

28.757 

KURTCSIS 

9 

.286 

S  KEWNESS 

3.058 

MINIMUM 

0 

days 

MAXIMUM 

32  days 

C.  Statistic 

cs;  Proposed 

con  straints 

TAT  =  IP 

♦  RC 

1  cr 

TAT  =  IP  ♦ 

RC2 

♦  AW 

P 

MEAN 

3 

.804 

M  EDIAN 

0.  98 

2 

STD 

EEV 

9 

.059 

VARIANCE 

92.068 

KURTCSIS 

24 

.069 

SKEWNESS 

4.  492 

MINIMUM 

0 

days 

MAXIMUM 

88  days 
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T  ABL S  XXXVIII 

Repair  Process  One  Cycle  Tiae 


#  of 

ADO 

CUM 

1  Of 

ADJ 

CUM 

days 

FREQ 

PCT 

ECT 

days 

FREQ 

PCT 

PCT 

0 

1 2  46 

50 

50 

18 

4 

0 

9Q 

1 

756 

30 

81 

19 

5 

0 

99 

2 

219 

9 

89 

21 

1 

0 

99 

3 

66 

3 

92 

22 

1 

0 

99 

4 

36 

1 

94 

24 

1 

0 

99 

5 

36 

1 

95 

25 

2 

0 

99 

b 

19 

1 

96 

26 

3 

0 

1  CO 

7 

17 

1 

96 

27 

1 

0 

100 

8 

9 

0 

97 

29 

1 

0 

109 

9 

12 

1 

97 

30 

2 

0 

100 

10 

8 

0 

98 

32 

4m 

0 

100 

11 

6 

0 

98 

33 

1 

0 

100 

12 

2 

0 

98 

51 

1 

0 

100 

13 

2 

0 

98 

56 

2 

0 

100 

14 

4 

0 

98 

61 

1 

0 

1  00 

15 

o 

0 

98 

62 

1 

0 

1  00 

16 

3 

0 

99 

66 

1 

c 

1  00 

17 

6 

0 

99 

Total 

actic 

ns  wi 

.thout  AW P 

2485 

A.  Statistics:  Unconstrained 


MEAN 
STD  CEV 
KURTCSIS 
SIN  I MUM 


1  .44  0 
4.210 
95.114 
0  days 


MEDIAN 
VARIANCE 
S  K2HNESS 
MAXIMUM 


0.497 
17.727 
8.377 
66  days 


E.  Statistics:  Proposed  constraint  12  days 


MEAN 
STD  CEV 
KURTCSIS 
MINIMUM 


1.181 
2.265 
1  1 .784 

0  days 


MEDIAN 
V  ARIANCE 
S  KEWNESS 
MAXIMUM 


0.  497 
5.  131 
3.233 
12  days 


TABLE  XXXIX 

Hepair  Process  Tso  Cycle  Tise 


t  of 

ADJ 

COM 

#  Of 

ADJ  < 

cut? 

days 

FREQ 

PCT 

FCT 

days 

FREQ 

PCT 

PCT 

0 

112 

28 

28 

2  1 

3 

1 

94 

1 

94 

24 

52 

22 

3 

1 

95 

2 

54 

14 

65 

23 

1 

0 

95 

3 

29 

7 

72 

24 

2 

1 

96 

4 

17 

4 

77 

25 

1 

0 

96 

5 

12 

3 

80 

26 

1 

0 

96 

6 

10 

3 

82 

27 

1 

0 

96 

7 

7 

2 

84 

28 

1 

0 

99 

8 

9 

2 

86 

29 

1 

0 

99 

9 

2 

1 

87 

3  1 

1 

0 

99 

10 

3 

1 

88 

32 

3 

1 

99 

11 

4 

1 

89 

33 

1 

0 

99 

12 

3 

1 

89 

36 

1 

0 

99 

13 

2 

1 

90 

40 

1 

0 

99 

14 

1 

0 

90 

4  1 

1 

0 

100 

15 

1 

G 

90 

43 

1 

0 

100 

16 

1 

0 

91 

46 

1 

0 

100 

17 

3 

1 

91 

48 

1 

0 

100 

18 

4 

1 

92 

68 

1 

0 

100 

19 

1 

0 

93 

73 

1 

0 

100 

20 

3 

1 

93 

A.  Statist! 

cs:  Uncos  s 

trained 

MEAN 

4.734 

MEDIAN 

1.431 

STD  EE V 

3.786 

V  ARIA MCE 

14.337 

KURTCSIS 

128.509 

SKEWNESS 

9.992 

MINI  ROM 

0  days 

MAXIMUM 

73  days 

E,  Statist! 

cs,  action 

s  w/AWF:  Proposed 

Constraint 

MEAN 

4.446 

M EDIAN 

1. 431 

STD  EE V 

7.714 

V  AEIANCE 

59. 509 

KURTCSIS 

6.103 

S  REUSE S3 

2.565 

MIN  I  RUM 

0  days 

M  AXIS  DM 

35  days 
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TABLE  XL 

Cross  tabulation  of  BCH  and  AWP  Actions 


ROW  PC? 
CCL  ECT 
I0T  PC? 

No  1 

SWP  1 

lime  | 

;  awp  i 

1  Tima  | 

Occurred  | 

1  ROW 

|  TOTAL 

S  OCC  €  SS f  Ul 

2198  | 

304  | 

!  2502 

Repair 

87.8  | 

12.2  l 

|  86.8 

e8.5  | 

76.2  | 

76.2 

10.5 

1 

Onit 

287  ! 

95 

|  382 

Declared 

75.1  ] 

24.9  | 

|  13.2 

ECM  1 

11.5  - 

|  23.3 

10.0  | 

3.3  | 

COLUMN  i 

2485  | 

!  399  j 

[  2384 

TOTAL  | 

66.2  | 

|  13.3 

|  100.0 
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